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A round-the-clock 
team of dedicated marine 
mammal specialists, veterinarians, 
hundreds of gallons of clams, fish 
and cream, and a really big pool. 
When they saw her thrashing in the shallows off 
the California coast, everyone knew this baby gray 
whale was in trouble. Just a few days old, with her 
umbilical cord still attached, she had somehow lost 
her mother, and almost any chance of survival. Sea 
World volunteered to help. When she arrived at 
Sea World in San Diego, she was nearly comatose, 
dehydrated, yet still clinging to life. Rescue team 
members lowered the baby gray 
whale into a 120,000-gallon pool 
and gave the. whale just what she 
needed. ..antibiotics, special fluids, 
and lots of tender loving care. For 
hours, she barely moved. Then, at 
long last, she opened her eyes and 


began to breathe normally. 


Sea W6rld. BuscHGARDENS. 


Where discovery is a real adventure. 


www.seaworld.com 


© 1997 Busch Entertainment Corporation. All rights reserved. 
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A real-life drama. 


It’s been a few months now, and this big baby is 
beating the odds. They call her J.J. She has been 


growing at a remarkable rate, gaining more than a 


pound an hour on average. With lots of special care 
and a little luck, J.J. will be swimming on her own 
along the California coast next winter. 

Our biggest rescue is just 

a small part of our commitment. 

The Anheuser-Busch Theme 
Parks are dedicated to rescue and 
rehabilitation, conservation and 
education. Come visit our 
parks, share our commit- 
ment and discover the many 
adventures and thrills just 


waiting for you. 


www.buschgardens.com 
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26 The Crystal Fuel 


Twenty quadrillion cubic meters of the earth’s 
methane are locked up in hydrates—a crystal 
lattice of water and gas that forms beneath the 
seabed. Although they hold more carbon than 
the earth’s combined deposits of coal, oil, and 
conventional gas, these hydrates are unstable and 
can decompose in some spectacular ways. 

Kevin Krajick Illustrations by Kirk Moldoff 


32 Trouble with Honeybees 
European settlers brought honeybees to North 
America for wax and honey. Once the bees’ 
role in pollination was understood, they became 
agribusiness’s bees of choice. Now they are in 
trouble. Sue Hubbell Photographs by Gary Braasch 


42 Unsung Heroines of Pollination 
If an insect on a flower is packing.in the 
pollen, it’s bound to be a bee. Here’s a 
guide to, and an appreciation of, the less 
conspicuous pollinators. Suzanne Batra 


Discovery 
44 Where Life Springs Ephemeral 
Fed by snow and rain, vernal pools fill when 
spring arrives, then dry up in early summer. In 
this short time, they harbor a key forest 
ecosystem. Mark P DesMeules and Philip Nothnagle 
Photographs by Gustav W. Verderber 


Cover: Yellow-spotted 
salamander eggs and newly 
hatched larvae are part 

of a vernal pool community 
in the Vermont woods. 
Story on page 44. 

Photograph by 

Gustav W. Verderber 
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Crystal Fuel 


Rocks don’t usually get great press. The study of geology—if it doesn’t concern 
earthquakes or volcanoes—can seem more like documentation than discovery, a 
reading of the record of change in the earth’s history. Most often the discoveries 
in biology or genetics make the news. But geology makes news in this month’s 
story by Kevin Krajick on the natural history of gas hydrates (“The Crystal 
Fuel,” page 26). That this crystalline lattice of gas and water—usually formed 
beneath the seabed at high pressures and low temperatures—existed in any 
quantity is a fairly new finding. But that the amount of carbon tied up in these 
deposits may be twice that of all the earth’s coal, oil, and gas reserves put 
together makes the discovery one of international 
importance. While exploration companies 





and governments want to know how 
these hydrates (in which methane 
is the predominant gas) might 
be exploited for energy 
use, geologists are just 
beginning to explore the 
role hydrates play in the 
earth’s ecosystem. Could 
a rise in sea temperatures 
release methane—a 
known “greenhouse 
gas” —into the atmosphere 
and accelerate global 
warming? These deposits 
hold enough methane to 
blanket the earth in a layer 130 
feet thick. Could their release 
cause shifts in the sea floor? Expeditions 





The crystalline architecture of 
methane hydrate 


are now exploring the methane fields, their 
origins, and their natural history. Krajick, who 
last wrote for Natural History on the exploration of 
another geological formation, Arctic eskers (“An Esker Runs Through It,” May 
1996), gives us a look at the exciting scientific work in progress. 

In the last year, we have had the pleasure of introducing many new 
contributors to Natural History. This month we are again pleased to feature the 
work of science journalists new to the magazine: Sue Hubbell (“Trouble with 
Honeybees,” page 32) is the author of The Book of Bees: And How to Keep Them 
and A Country Year: Living the Questions. Natalie Angier (“Ernst Mayr at 93,” 
page 8) is a Pulitzer Prize-winning New York Times science correspondent and 
author of The Beauty of the Beastly. We look forward to more articles by these 


writers in the coming months, along with the work of other new 
contributors.—Bruce Stutz 
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T IS THE PURPOSE OF LIFE? 
What is the best kind of life? Who or 
what is God? What is the essence of 
justice? When is it legitimate for one person 
to have power over others? Can any of these 
questions be answered? 


These are basic riddles of human 
experience that thoughtful men and women 
have pondered since the dawn of civilization. 


You too must have asked yourself 
questions like these many times. And perhaps 
you once vowed that some day you would 
plow through a// the great thinkers of the 


Western world and find your own answers. 


But you know you never will. Frankly, 
it would require a minimum of several years 
of withdrawal from active life, and devotion 
to intense effort and concentration. 


Now, at last, here is a feasible way to 
enjoy the intellectual adventure of a lifetime. 
A way you can comfortably grasp the essence 
and consequence of each thinker’s greatness, 
in leisure moments in your home or car. 


That is the extraordinary opportunity 
now offered by this unprecedented new 
audio-video lecture series— The Great Minds 
of the Western Intellectual Tradition. 


The series is composed of 70 lectures, 
covering more than 40 of the great minds of 
the Western world. Each lecture is accompa- 
nied by an outline and reading list as an aid, 
if you wish, to mastering and further 
exploring the subject. 

Over half of the lectures are delivered by 
Professors Darren Staloff and Michael Sugrue, 
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who for several years electrified students at 
Columbia University with their sweeping 
canvas of Western intellectual development. 
Then to round out the series, there are guest 
lecturers from the growing Teaching 
Company treasury of audio and video record- 
ings of America’s SuperStar Teachers. 


The result is a definitive survey of 
Western thought by an all-star teaching team 
with no equal in lecturing skill at any single 
college campus anywhere else in the world. 


With these video or audio recordings of 
six of America’s most widely acclaimed college 
lecture professors as your guides, you can now 
follow:down through the centuries of 
mankind's great debate over the meaning of 
life, and how the ideas put forth shaped and 


developed our Western civilization of today. 


Just listening to these lectures—whether 
you decide to supplement them by browsing 
through the texts of the works discussed or 
not—will give you a grasp of the intellectual 
history of the Western world possessed by as 
few as one out of every thousand Americans. 
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To the 
Editor 


When Worlds Don’t Collide 
In his essay in the March 1997 
issue, “Nonoverlapping 
Magisteria,” Stephen Jay Gould 
commented on John Paul II’s 
recent statement that the Church 
has no quarrel with the teaching of 
evolution. Gould suggested that 
(except for fundamentalists) there 
has never been a conflict between 
science and theology, as they 
occupy separate spheres. The essay 
provoked an unusual amount of 
mail. A sampling follows: 


The concept of non- 
overlapping magisteria 1s 

not, as Professor Gould calls it, 
a rapprochement, but an 
attempt—laudable, but futile 
in my opinion—to juggle two 
opposing worldviews. 

Nice try. 

David ‘T: Benedetti 

Albuquerque, New Mexico 


As a Roman Catholic, I am 
delighted that the Church has 
finally, publicly, and 
unequivocally recognized the 
reality of evolutionary theory. 
The article would have 
benefited from one addition: a 
recognition of the churchman 
most influential in arguing this 
case. I refer to paleontologist 
and theologian Pierre Teilhard 
de Chardin (1881-1955), who 
incorporated evolutionary 
theory into his Catholic 
theology. 

Alfred J. Piro 

Brooklyn, New York 


The pope recognizes scientific 
progress in evolutionary 
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studies in the last fifty years. 
Bravo. The invitation now 
goes to Gould and other 
agnostic scientists to examine 
their understanding of 

the divine. 

Larry Elmer Smith 

Danville, Illinois 


It was with great relief that I 
read the “good news” of Pope 
John Paul II’s endorsement of 
evolution. I am now eagerly 
looking forward to the Holy 
Father's reflections on 
superstring theory, the source 
of the power of quasars, the 
confirmation of Fermat’s last 
theorem, and perhaps the 
location of Elvis Presley. 

Emil M. Murad 

Huntington Beach, California 


If the Catholic Church has 
fully accepted the theory of 
evolution, then it is faced with 
an interesting question: at 
what point in our evolution 
did we become human and 
the infusion of souls begin? 
Lars-Erik Larson 

Whitewater, Wisconsin 


The theistic evolutionists who 
perceive man as descended 
from lower animals, and who 
also claim to be truly 
Christian, probably believe in 
salvation. But at what point 
would developing hominids 
become suitable to save? 
People who hold such 
mutually exclusive views are 
sometimes called 
schizophrenics. | 

Richard Rimmer 

Madison, Tennessee 


I appreciated very much 
Stephen Jay Gould’s discussion 
of religion and science. When 
I was chaplain at Renssalaer 


Polytechnic Institute, in ‘Troy, 
New York, many discussions 
with intelligent, believing 
students and professors of 
science led me to the 
following schema: We need 
science to explore the 
“what” and “how,” and we 
need religion—whatever 
one’s faith—to answer “who” 
and “why.” 

It seems we most often 
get into disputes when 
either authority insists on 
answering questions in the 
other’s domain. 
Rev. Harry E. Chase 
Tenafly, New Jersey 


I was startled as I read through 
Gould’s latest essay. Such a 
rewriting of history would 


have won an award from the 
old Soviet empire. I assume 
the article was written to 
remove conflicts from those 
minds that are closed to 
depending upon themselves. 
W. FE. Garrott 

Gainesville, Florida 


The article uses some big 
words to hornswoggle the 
reader into believing that truth 1 
and falsehood can be 
compatible. Either there is a 
God, and he/she created the 
universe, or there is not, and 
he/she did not. 

Eugene H. Harlow 

Houston, Texas 


Natural History’s E-mail address ; 


is nhmag@amnh.org 
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Antonin Kratochvil 


Economic changes in Mongolia have begun to strain the cultural | 
fabric of the country. The cities are more crowded, and for the 
first time, homeless children wander the streets. Sherylyn Briller, , 
an anthropologist who has lived in Mongolia, and photographer ° 
Antonin Kratochvil capture the urgency of the children’s plight. 
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A professor of psychology at the University of Sussex, George Butterworth (‘Starting 
Point”) studies the intellectual development of infants, especially the origins of 
language in preverbal babies. He has studied “joint attention” (how a baby knows 
where others are looking) for about twenty years. Research on pointing was a natural 





extension of this work. Recently, his daughter Francesca has provided assistance. 





Frans B. M. de Waal (“Bonobo Dialogues”) and Frans Lanting (at right in photo) hope their new 
book Bonobo: The Forgotten Ape, will increase public awareness of this intriguing primate. As they 
write in the preface, “books and articles on the other apes easily fill a small library; for a complete 
collection of literature on bonobos, a single cardboard box will do.” Professor of psychology at 
Emory University and research professor of psychobiology at the Yerkes Regional Primate 
Research Center in Atlanta, de Waal is the author of several books, including Good-Natured: The 
Origins of Right and Wrong in Humans and Other Animals (1996). Lanting’s photographs have 
appeared in many magazines; his books include Okavango: Africa’s Last Eden (1993). 








Point Lobos as it pitched and rolled off the California 
coast, where scientists were conducting experiments on 


Kevin Krajick (“The Crystal Fuel”) has 
done some of his more exciting research 
in the Arctic, about which he has written 
a number of stories. Some of his more 


the formation of gas hydrates. Krajick survived —to 
continue his concentration on science and the 


uncomfortable research has been environment. He has written for many publications, 





conducted at sea—recently on board the including Smithsonian, Audubon, and Discover. 





Writer Sue Hubbell (“Trouble with Honeybees”) recently moved from her farm in Missouri, where she 
kept honeybees for twenty-five years, to the coast of Maine, where the environment is better for 
watching intertidal invertebrates than for raising bees. Hubbell has published several books on bees and 
other subjects; her latest is Far Flung Hubbell: Essays from the American Road (1995). Entomologist Suzanne 
Batra, right, works in the Bee Research Laboratory of the U.S.D.A. Agricultural Research Service, in 
Beltsville, Maryland. Batra (“Unsung Heroines of Pollination”), who reports that she has been interested 
in bees since she was three years old, has worked on everything from bee sociobiology to systematics. Her 
fieldwork has taken her to many countries, most often India, where she is currently working on a survey 
of fruit-pollinating bees of the Garhwal Himalayas. Photographer Gary Braasch’s pictures have been 
published in more than 100 magazines worldwide. He is known for action coverage of risk-taking field 





science, including volcano, forest canopy, and ecological studies. 





Mark P. DesMeules (“Where Life Springs 
Ephemeral”) first became interested in 


he designated Vermont’s vernal pools 
protected wetlands. His coauthor, Philip 
Nothnagle, a forest ecologist trained at 
Dartmouth, is an expert on the ecology of 
tiger beetles. Gustav M. Verderber, left, 
whose pictures accompany their article, 
has an M.S. in zoology from Ohio State 
University. He pursues nature 


vernal pools when he learned to ice skate 
on one as a small child. DesMeules, left, is 
now director of Land for Maine’s Future 
and coordinator of the state’s Natural 
Resource and Economics Initiatives. A 
former director of science and stewardship 





for the Nature Conservancy in Vermont, photography full time. 





Derrick Hamrick (“The Young and the Nestless”) found that his life changed on his 
twenty-fifth birthday, when he “started to see the world through a viewfinder.” Since 
then, Hamrick—who is also a firefighter—has steadily taught himself the 
photographic craft. He spent hundreds of hours observing wood duck nesting cavities 
before capturing the youngster in this month’s “Natural Moment.” Although he has 
traveled widely, Hamrick finds many of his subjects near his home on the Neuse 
Raver in rural Wake County, North Carolina. He used a Nikon F4, Nikkor 500 mm 
f4 lens, and high-speed flash to catch the day-old duckling’s leap of faith. 
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erectile dysfunction. CAVERJECT is self-injected into a specific area of the 
penis. 

How effective is CAVERJECT? In clinical studies, CAVERJECT caused an 
erection firm enough for sexual intercourse in over 80% of men who used it. 
The efficacy of CAVERJECT depends on determination of the correct dose 
during a visit with your doctor or health care provider, and the use of proper 
self-injection technique 


Who should not use CAVERJECT? CAVERJECT should not be used by 
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1. Priapism (erection lasting over 6 hours): Erections lasting more than 6 
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of priapism, CAVERJECT should be used at the lowest effective dose. 
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disease, was 3 of every 100 men who used CAVERJECT. In one self-injection 
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injection. Thereafter, tell your health care provider if you are taking this type 
of medicine. 
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of injection, which could increase the risk of transmission of blood-borne 
diseases between patients infected with blood-borne diseases and their 
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visit, and should not be changed without first consulting your health 
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CAUTION: Federal law prohibits dispensing without a prescription. You 
must see a doctor or authorized health care provider to receive a prescription 





Pharmacia & Upjohn Company 
Kalamazoo, MI 49001, USACB-2-S 


wtural History 


ram oe ry gums ito Sr oiles | 
Cavenect rn: 


| 
j 


Gabor Demjen; Aperture, Inc. 


interview) Ernst Mayr, one of the world’s 


greatest evolutionary biologists 
and the sort of living legend who’s already in 
the Encyclopaedia Britannica, is ninety- 
three going on twenty-three—twenty-three 
books, that is. In the course of a long and sur- 
passingly productive career, Mayr has written 





books on subjects as varied as evolution, ecol- 








ogy, ornithology, systematics, and the philoso- 
phy and history of biology, as well as publish- 
ing more than 600 scientific articles. He is a 
Jounder, along with Theodosius Dobzhansky, 
Julian Huxley, and George Gaylord Simpson, 
of the so-called modern evolutionary synthesis, 
the conceptual breakthrough that brought to- 
gether a genetic understanding of how species 





Left: Mayr in Cambridge, Massachusetts, 
September 1996. Above: Mayr at this 
summer home in Wilton, New Hampshire, 
about 1955. 


adapt to their environment with an ecological 
consideration of why there is such a spectacular 
degree of biodiversity in the first place. Mayr 
(pronounced MIRE) also helped define the 
most enduring concept of a species—simply 
put, as a group of interbreeding populations— 
and established a philosophy of biology to rival 
the philosophical tenets of any other science. 
Born and educated in Germany, Mayr emi- 
grated to the United States in 1931, working 
first as a curator at the American Museum of 
Natural History, then moving to the Museum 
of Comparative Zoology at Harvard, where he 
is a professor emeritus. As a young man, he 
studied the magnificent birds of paradise in 





New Guinea, and he has described more spe- 
cies and subspecies of birds than any other biol- 
ogist alive. Mayr is opinionated and elitist, 
courtly and generous, and still working two 
decades after his supposed retirement. His 
twenty-first book, This Is Biology: The Sci- 
ence’ of the Living World, has just been 
published by Harvard University Press; his 
twenty-second book is now being edited; and 
his twenty-third is in progress. Natalie Angier, 
a Pulitzer Prize-winning science writer for the 
New York Times, visited him at his winter 
home in Winter Park, Florida, near Orlando, 
to talk about This Is Biology and Mayr’ 
views on life as it is—and as it can never be. 


How in the world did you end up here in 
Winter Park? 

My life is nothing but a series of acci- 
dents. Coming here was an accident, too. 


Did you want to be close to Disney World? 

- No, I’ve never been to Disney World. 
This is my fifth winter down here, and I 
haven’t gone there. I said that to some- 
body and apologized for it, but he said, 
“Why apologize? You should be proud.” 


Your latest book goes over many of the themes 
that you’ve been interested in for much of your 
career. What is the take-home message of the 
new book? 

The point of the book is that the great 
public, and that includes even most biolo- 
gists, don’t have the correct image of the 
science of biology. Many still have the 
idea that the physical sciences, physics, 
and the mathematical sciences are real sci- 
ence and everything else is inferior sci- 
ence. The physicist Ernest Rutherford 
once referred to the other sciences as 
postage-stamp collecting. Now, physics is 
perfectly good science, but it’s a special 
science, and many things about it don’t 
apply to the other sciences. By the same 
token, many things about the other sci- 


ences don’t apply to physics. Yet they’re 
all perfectly good science. Furthermore, I 
point out that at the present time, biology 
is the leading science. It has more to do 
with the problems we face, our contact 
with the environment, our future as a 
species, than does any other science. I 
come out very strongly in saying that un- 
derstanding the principles of biology is 
what’s most important for the future. 


It seems that there’s a real interest in Darwin 
now, almost a Darwin mania. People are writ- 
ing about him, applying his ideas to human 
behavior, and so forth. 

Owing to the power of physicalist and 
essentialist thinking, Darwin was ne- 
glected and misunderstood for seventy- 
five years after 1859. Indeed, it was 
widely believed that Darwin was no 
philosopher. Actually, most of the prin- 
ciples of biology were more or less pro- 
claimed by him in 1859. Before him, you 
had a truly anthropocentric world. It was 
expressed in the Bible, where God says to 
Adam, this is your world, you can do 
with it what you please. Darwin, of 
course, showed otherwise, that we’re de- 
scended from the apes. And as recent 
molecular research indicates, we’re in- 
credibly close to the apes, to the chim- 
panzees. But that doesn’t mean man is 
“nothing but an animal.’ Two character- 
istics are unique to humans. One is lan- 
guage, grammar, and syntax, and all that. 
All our attempts to teach apes language 
have been totally unsuccessful. A chim- 
panzee cannot express something like, 
“Tomorrow I would like an apple for 
lunch.” Another characteristic that we 
alone have, and Darwin stated this clearly, 
is an ethical system. 


Has there been anything equivalent to Dar- 
win’s work in this century? 
I don’t know of anything. Freud’s the- 





ory of the unconscious was a great 
achievement, but it wasn’t comparable to 


Darwin’. 


What do you make of the fact that people con- 
tinue to resist the idea of evolution? About 40 
percent of Americans do not believe in it. 

At least that amount. It has something 
to do with the poor quality of education 
in America. Many students here don’t 
even know where Mexico is located. 


You talk at length in your book about proxi- 
mate versus ultimate causes, and the impor- 
tance of addressing both in trying to understand 
how life works. 

Yes, this is part of the philosophy of bi- 
ology, that there are two causations in bi- 
ology, proximate and ultimate. The prox- 
imate causation is the one that answers 
the “how” questions. Physiology, molec- 
ular biology, and developmental biology 
all study proximate causations of how 
something works. But then we have the 
ultimate causations, which ask the “why” 
questions. Evolutionary biology, much of 
ecology, and behavioral biology are all 
concerned with the why questions. Why 
do birds migrate to warm climates in the 
winter? They've been selected to do so 
because otherwise they would die in the 
winter. 


Do you think the proximate fields like molecu- 
lar biology are in ascendance these days? 
You've quoted biochemist George Wald, who 
said, “All biology is molecular.” 

George Wald’s claim was based on 
strict reductionism, and reductionism is 
dead. It’s now so clear that every time you 
have a more complex system, new quali- 
ties appear that you could not have pre- 
dicted from the components. That’s the 
principle of emergence. I once gave a lec- 
ture in Copenhagen, and I said something 
I now realize to be wrong. I said, emer- 
gence is characteristic only of biology. 
That was in 1953, when emergence was 
very suspect, nobody believed it. The fa- 
mous physicist Niels Bohr got up to ob- 
ject, and I thought he’d say emergence 
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was metaphysical and supernatural and all 
sorts of things. Instead he said, “We have 
emergence all over the inanimate world,” 
and he gave the famous example of water. 
If you know all the characteristics of hy- 
drogen and all the characteristics of oxy- 
gen, you still couldn’t predict that the 
product would be liquid. So that’s the end 
of reductionism. 

As for molecular biology, there’s no 
branch of biology that doesn’t use molec- 
ular techniques now, because they’re so 
extraordinarily powerful. But since we 
have the problem of emergence, it’s clear 
that molecular biology alone isn’t the 
whole answer. 


The concept of group selection was once taboo, 
but now it’s undergoing a kind of resurrection. 
What do you think of it? 

In my book, I focus on two kinds of 
group selection, which I call soft and hard 
group selection. If a group is superior be- 
cause all of its individuals are superior, 
and it’s still individual selection, then I call 
it soft group selection. However, if the 
social group as an entity has more success 
in the struggle for existence because 
there’s internal cooperation—they jointly 
search for food, they have sentinels warn- 
ing of enemies—then we have hard group 
selection, which goes beyond the average 
fitness value of the components. 


In other words, the whole is greater than the 
sum of its parts, 

Exactly. Hard group selection is very 
important for human evolution, because 
our ancestors consisted exactly of these 
cooperating social groups. And as anthro- 
pologists have known forever and ever, 
some of these groups were more success- 
ful than others at driving away competi- 
tors from a water hole, or just wiping 
them out. Genocide is a part of our his- 
tory. On the other hand, I think it was 
exactly the selection of social groups that 
furthered the development of the ethical 
system, including altruism. Here I dis- 
agree with those sociobiologists who 
don’t believe in group selection. 


. 
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How much do you think we can understand 
about our nature by taking the perspective of 
sociobiology, or evolutionary psychology as it’s 
called nowadays? The relationship between 
men and women, for example? 

Most of the behaviors between males 
and females have nothing to do with so- 
ciality. They’re behaviors between two 
individuals, each acting with the ultimate 
objective to enhance individual reproduc- 
tive success. This is true even of things 
like sibling rivalry. Most of these interac- 
tions are not social phenomena in the 
broad sense, and that’s why I don’t like to 


At the present time, 
biology has more to do 
with the problems we 
face, and our future as a 
species, than does any 
other science. 


call it sociobiology. But when you come 
to the real social phenomena, the migra- 
tions of wildebeests or whales, you won't 
read a word about them in the sociobio- 
logical literature. 


Where do you think the human species is 
going? Do you believe we can continue to 
evolve in a genetic sense? 

There’s absolutely no chance of the 
human species evolving. First of all, we 
can never speciate. We cover every niche, 
every spot on the earth, so there’s no op- 
portunity for isolation. Moreover, I do 
not feel there’s any natural selection in 
any positive sense going on right now. Of — 
course, there are those who have talked 
about eugenics, but we all know that eu- : 
genics is impossible for many reasons. Ig 
can’t see the development of man into su-_ 
perman or anything like that. Theoreti- 
cally, we could have cultural evolution — 
and develop higher and better concepts. — 
But if you have no basis for a change in ; 


i 


genes, then unfortunately you can only 
develop through cultural evolution. 


Why do you say “unfortunately?” 
Because the cultural things can be lost 
so quickly. 


~ On the subject of ethics and eugenics, your own 
background is interesting. You left Germany in 
1931, at the start of the Nazi era. 

I had a very interesting life, no ques- 
tion about it. I came from the fourth gen- 
eration in which there was a medical doc- 
tor, and I was to be a medical doctor. But 
I switched to zoology because I was very 
adventurous and wanted to see the world. 
I wanted to go on an expedition. Fortu- 
nately, just as I was finishing my doctor- 
ate, Lord Rothschild needed somebody 
in New Guinea. 


Did you like being in New Guinea? 

Well, it’s exciting, but.it’s a tough life, 
Pll tell you that. I had malaria, I had 
dysentery, I had dengue, I had everything 
you can have. Weeks would go by and 
there was no one to talk to except natives, 
and I was always alone. 


I understand you were living off the land and 
eating birds of paradise, among other things. 
What does a bird of paradise taste like? 

Most land birds really taste almost 
about the same. They have a soft and 
rather flavorful meat. I ate only one bird 
that was absolutely awful, and that was a 
cormorant. That was so fishy it was al- 
most inedible. 


Do you keep a regular schedule for work? 
More or less. I have an alarm that 
wakes me up at 6:15 every morning. | 
have a little kitchenette. I take one meal 
outside, and one I make myself. I’m quite 
active. I write, give lectures, travel abroad. 


Have you had any major disappointments, any 
regrets? 

Well, I probably do, but ’m one of 
these euphoric guys. I always look to the 
future and never look back. O 
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How Does Biology 
Explain the Living World? 


“I wanted to write a ‘life history’ of biology 
that would introduce the reader to the impor- 
tance and richness of biology as a whole,” 
writes Mayr in his new book. 


Excerpted from This is Biology: The Sci- 
ence of the Living World, by Ernst Mayr, 
Harvard University Press. Copyright 1997, 
by Ernst Mayr. All rights reserved. Reprinted 
by permission. 





When biologists try to answer 
a question about a unique oc- 
currence, such as “Why are there no 
hummingbirds in the Old World?” or 
“Where did the species Homo sapiens 
originate?” they cannot rely on universal 
laws. Biologists have to study all the 
known facts relating to the particular 
problem, infer all sorts of consequences 
from the reconstructed constellations of 


factors, and then attempt to construct a 
scenario to explain the observed facts of 
this particular case. In other words, they 
construct a historical narrative. 

Because this approach is so fundamen- 
tally different from causal-law explana- 
tions, the classical philosophers of sci- 
ence—coming from logic, mathematics, 
or the physical sciences—considered it 
inadmissible. However, recent authors 
have vigorously refuted the 
narrowness of the classical 
view and have shown not 
only that the historical-nar- 
rative approach is valid but 
also that it is perhaps the only 
scientifically and philosophi- 
cally valid approach in the 
explanation of unique occur- 
rences. 

Of course, proving cate- 
gorically that a historical nar- 
rative is “true” is never pos- 
sible. The more complex a 
system is with which a given 
science works, the more in- 
teractions there are within 


1932, New Guinea: Mayr 
(right) with his Malay guide, 
after two months in the interior. 


the system—and these interactions very 
often cannot be determined by observa- 
tion but can only be inferred. The nature 
of such inference is likely to depend on 
the background and the previous experi- 
ence of the interpreter; therefore, not sur- 
prisingly, controversies over the “best” 
explanation frequently occur. Yet every 
narrative is open to falsification and can 
be tested again and again. 





For instance, the demise of the dino- 
saurs was once attributed to the occur- 
rence of a devastating disease to which 
they were particularly vulnerable, or to a 
drastic change of climate caused by geo- 
logical events. Neither assumption was 
supported by credible evidence, however, 
and both ran into other difficulties. Yet in 
1980 when the asteroid theory was pro- 
posed by Walter Alvarez—and, particu- 
larly, after the presumed impact crater was 
discovered in Yucatan—all previous theo- 
ries were abandoned, since the new facts 
fit the scenario so well. 

Among the sciences in which historical 
narratives play an important role are cos- 
mogony (the study of the origin of the 
universe), geology, paleontology, phy- 
logeny, biogeography, and other parts of 
evolutionary biology. All these fields are 
characterized by unique phenomena. 
Every living species is unique and so is, 
genetically speaking, every individual. 
But uniqueness is not limited to the 
world of life. Each of the nine planets of 
the solar system is unique. On earth, 
every river system and every mountain 
range has unique characteristics. 

Unique phenomena have long frus- 
trated the philosopher. David Hume 
noted that “science cannot say anything 
scientifically about the cause of any gen- 
uinely singular phenomenon.’ He was 
correct if he had in mind that unique 
events cannot be fully explained by causal 
laws. However, if we enlarge the method- 
ology of science to include historical nar- 
ratives, we can often explain unique 
events rather satisfactorily, and sometimes 
even make testable predictions. 

The reason historical narratives have 
explanatory value is that earlier events 
usually make a causal contribution to later 
events. For instance, the extinction of the 
dinosaurs at the end of the Cretaceous va- 
cated a large number of ecological niches 
and thus set the stage for the spectacular 
radiation of the mammals during the Pa- 
leocene and Eocene. The most important 
objective of a historical narrative is to dis- 
cover causal factors that contributed to 
later events in a historical sequence. 
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The Compleat Darwin 


The Darwin Multimedia CD-ROM (sec- 
ond edition, edited by Pete Goldie). Light- 
binders, Inc. (800) 432-3766. Available in 
Macintosh and Windows. 


By Richard Milner 


All the Darwinian mainstays 
eee. here—the Origin of Spe- 
cies (1859), Descent of Man (1871), Expres- 
sion of the Emetions in Man and Animals 
(1872), and the books on coral reefs and 
orchid pollination. But, until now, only a 
few lucky bibliophiles could also own the 
scarce Zoology of the Beagle, with its trea- 
tises on fossil and exotic animals collected 
during Darwin’s famous voyage—and 
now complemented by Toshio Asaeda’s 
1932 watercolors of Galapagos fishes. 
Here, too, is Darwin’s rarely seen 1,200- 





Celebese macaques, from Darwin’s Expression of the 


Emotions in Man and Animals, 1873. 


page monograph on barnacles, a classic of 
systematics on which he worked for eight 
years. There is also a chronology of events 
in Darwin’s life, a biographical dictionary 
of Victorian naturalists, a bibliography of 
1,500 primary and secondary sources on 
the Darwinian legacy, and Sir David At- 
tenborough’s fund-raising video tour of 
Darwin’s home, Down House. A sam- 
pling of Darwin’s short papers ranges 
from a theory of mountain building to 
questions on the perceptions of ants. 
(Were the insects more “terrified” by the 
smell left by a human finger in their path 
or by “the sight of their dead and dying 


comrades”’?) A special feature allows the 
user to select any word or phrase in Dar- 
win’s writings and instantly find out 
where and how many times it appears. 

In the 1840s, a small committee that 
included young Darwin established new 
guidelines for naming animal species. 
This reformation of the taxonomic rules, 
for which the CD-ROM provides the 
complete text, became internationally ac- 
cepted, establishing Linnaeus’s double- 
naming system (genus and species) as the 
standard in science. (In its text, the com- 
mittee complains that an English scientist 
working in France finds “their scientific 
language almost as foreign . . . as their 
vernacular.’) 

Michael Ghiselin’s Triumph of the Dar-~ 
winian Method is also reprinted here, with 
a new introduction by the author. First 
published twenty-five years — 
ago, Ghiselin’s landmark 
book helped convince the 
scholarly world of Dar- | 
win’s enduring achieve-— 
ments at a time when facile 
detractors had tarnished his — 
reputation. Ghiselin reiter- 
ates his ultimately tri- 
umphant view that Darwin 
was “a first-rate thinker 
and theoretician, and one 
of the most successful 
polymaths of all time.” 

My frustration in communicating the 
richness of this compilation is perhaps 
best expressed in Darwin’s own words, 
taken from a letter reproduced on the 
CD-ROM. After summarizing his theory 
for a friend, he apologized: “This sketch 
is most imperfect; but in so short a space I 
cannot make it better. Your imagination 
must fill up very wide blanks.” 


Richard Milner, an editor at Natural History, 

is the author of Charles Darwin: Evolution — 
of a Naturalist (1994) and The Encyclo- — 
pedia of Evolution (1993). 
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On-Line 
Evolution 


By Robert Anderson 


Surprisingly, Charles Dar- 
ae win has a rather low profile 
in cyberspace, but his ideas, which will 
undoubtedly stir debate until the end of 
time, have spawned lots of sites on the In- 
ternet—many created by creationists. 
Nevertheless, there are a few good places 
to look for insight into Darwin’s thinking 
and the modern synthesis that builds on 
his theory of natural selection. The Evo- 
lution Homepage http://bioinfo.med 
.utoronto.ca/~lamoran/Evolution_info 
.shtml is a good place to start. It has links 
to most of the related sites, including the 
electronic versions of Darwin’s most im- 
portant works. 

An excellent discussion of how Dar- 
win’s ideas differed from his predeces- 
sors —and how they fit into modern 
thinking—can be found in a chapter in 
Gary Cziko’s book Without Miracles 
http://www.ed uiucedu/facstaff/g-cziko 
/without_miracles/02.html. 

A nascent Web magazine called The 
Evolutionist http://wwwz.lse.ac.uk/depts/ 
cpnss/evolutionist/ was created to give 
wider exposure to some newer ideas that 
attempt to explain human behavior by 
putting it into an evolutionary context. 
But if evolutionary psychology, as this is 
called, is not your cup of tea, try my fa- 
vorite evolution site—The Virtual Flylab, 
at California State University at Los An- 
geles http://vflylab.calstatela.edu/edesk 
top/VirtApps/VflyLab/IntroVflyLab.html. 
Here, you can design your own fruit flies, 
mate them to create new offspring, and 
learn the rules of genetic inheritance in 
the process. I like to think that Darwin, 
who never knew about the genetic un- 
derpinnings of natural selection, would 
have enjoyed this one, too. 


Robert Anderson is a freelance writer living in 
Los Angeles. 





Darwin’s Orchestra 

By Michael Sims (Henry Holt and Company, 1997, $30, illus.) 

Arranged in an almanac format, this is a treasure trove of odd, entertaining, 
quirky—and significant—episodes from the annals of natural history, highlighting 
the interplay between science and popular culture. 


Eyewitness to Discovery 

_ Edited by Brian M. Fagan (Oxford University Press, 1997, $39. 95, illus.) 
This collection of more than fifty first-person accounts of some of the Ce . 
greatest archeological discoveries includes Hiram Bingham’s of Machu Picchu in iS 
1911, Howard Carter’s of Tutankhamen’s tomb in 1 1922, and Brian res of a 
China’s Han Dynasty tombs in 1977. j 


Virtual Archaeology 

Edited by Maurizio Forte and Alberto Siliotti (Harry N. Abrams, Inc., 1997, 

$49.50, illus.) 

High-definition, three-dimensional computer images, aerial photographs, maps, 
diagrams, and text by experts are used to reconstruct ancient places known only 
from archeological sites. 


Tree Komesro0s oe 
By Tim Flannery, Roger Martin, and Alccandea Sia = 
illustrated by Peter Oy (Reed Books, Australia, — 
1996, $100, illus.) eo 
This authoritative book on te natural fee. evo- ie 
lution, and conservation status of the world’s seven- : 






Peter Schouten 


teen species and subspecies of tree kangaroos is splen- a 
didly illustrated by artist Schouten’ a Ae s 
watercolor portraits. a 





ehhe Heat ts On 

Ross Gelbspan (Addison-Wesley, 1997, $23) 

A Pulitzer Prize-winning journalist argues that conservative politicians and energy 
industrialists are trying to dismiss the significance of recent cataclysmic weather and 
other evidence that the earth is warming. Gelbspan analyzes work by scientists on 
both sides of the issue and suggests ways to protect the environment as the global 
climate changes. 


Another America © | 

By Mark Warhus (St. Martin’s Press, 1997, $29. 2), ils ) 

A 1708 map, depicting Towasa Indian Lamhatty’s account of his enslavement and 
revealing a vigorous colonial trade in Indian slaves, is one of the more than seventy- 
five documents that chronicle Native American perspectives on the relentless and 
often brutal European advance across the North American continent. 


The books mentioned in “Natural Selections” are available by mail order from the 
Museum Shop of the American Museum of Natural History, (212) 769-5150. 





By George Buttenvorth 


Tugging on her mother’s jacket, a small 
child, too young to talk, points her 
index finger at a puppy in a pet shop 
window. A geography teacher points to 
various countries on a map as he calls 
out their names. An angry father points 
at a dent in his new car and asks his 
teen-age son, “How did that happen?” 

Pointing with the index finger, arm 
extended in the direction of the interest- 
ing object, remaining fingers curled 
under the hand, thumb held down and 
to the side, is a vital part of human com- 
munication. Sometimes, it 1s accompa- 
nied by speech; often not. We point at 
things we know and at things we have 
never seen before. Pointing can be a way 
of telling—making a point—or asking. 
Always, however, the intention is to 
draw someone else’s attention to an ob- 
ject or event of interest. 

Drawing attention to an object or an 
interesting event is part of communica- 
tion for a number of species. A hunting 
dog signals that it has found prey by 
standing still and “pointing” with its 
whole body (from nose to tail) and bent 
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foreleg. Vervet monkeys have several 
predator-specific alarm calls to warn 
troop members when danger is near. 
But unlike finger pointing, most such 
behavior is restricted to specific situa- 
tions. Will the dog, for example, point 
to indicate to its owner the whereabouts 
of a bone that has gotten wedged under 
the couch? And just how intentional is 
the signal? Would the dog point at prey 
or the vervet give an alarm call even if it 
had no audience? 

Finger pointing is apparently unique 
to humans. Of course, most animals 
don’t have fingers to point with, but 
even our fellow apes don’t point in their 
natural state. After extensive interactions 
with humans, apes sometimes use an ex- 
tended hand to refer to things, but they 
practically never extend the index finger 
separately when making the gesture. In a 
recent study done at Emory University, 
David Leavens, William Hopkins, and 
Kim Bard found that a chimpanzee 
named Clint sometimes uses a form of 
index finger pointing to draw his 
trainer’s attention to food that has fallen 
out of reach. Clint, however, has never 
pointed for the benefit of other chimps, 
and even with his trainer, he uses his flat 





Apparently unique to humans, 
finger pointing is closely correlated 
with language acquisition. 
The earlier babies start to point, 
the more words they know 
by twenty months of age. 


hand more often than his index finger. Is 
there anything special about finger 
pointing in humans? 

Charles Darwin proposed the prin- 
ciple of antithesis to explain how ani- 
mals convey information. The aggressive 
posture of a dog preparing to fight, for 
example, involves many of the same 
muscles it uses when it adopts the sub- 
dued posture of submission. 

The postural antithesis of finger 
pointing is the pincer grip, in which the 
tip of the index finger and thumb are in 
opposition. This contrast in the relative 
position of thumb and index finger is 
correlated with a change in the focus of 
attention. In manual tasks involving the 
pincer grip—holding a pencil, removing 
a thumbtack, tying shoelaces—the focus 
is on the object and the job at hand. 
Pointing, in contrast, directs the atten- 
tion of another person toward an object 
some distance off. 

Human babies begin to point at about 
eleven months. (Before they. point or 
understand pointing, they turn their 
heads in response to other signals—head 
and eye movements, for example, or 
shifts in body orientation—that indicate 
a change in a parent’s focus of interest.) 
In the 1920s, Rus- 
sian psychologist 
Lev Semeonovitch 
Vygotsky suggested 
that babies may 
learn pointing from 
their mothers and 
that the gesture be- 
gins as a way to re- 
quest objects that 
are out of reach. 
Pabia Franco, of 
the University of 
Padua, and I tested 
this hypothesis. We 
observed how ba- 
bies who had just 
begun to point be- 
haved when placed 
in a room with at- 
tractive toys just 
out of reach and 


with dolls some way off. We found that 
the babies (seated in highchairs next to 
their mothers) both reached for and 
pointed at the nearby toys, whereas the 
distant dolls elicited only pointing. In- 
fants looked at their mothers, both 
while pointing and immediately after- 
ward, to check whether they had suc- 
ceeded in redirecting their attention. 

In another study, Franco, Paula Perru- 
chini (a student from the University of 
Rome), and I found that a baby will also 
point to redirect the attention of another 
baby, even though neither can yet speak. 
This time, mothers were seated behind 
their babies, out of their sight. Our re- © 
sults convinced us that pointing origi- 
nates as a declaration of interest and a 
wish to share the experience of an ob- 
ject, not as a consequence of failing to 
get ahold of it. 

Nobuo Masataka, of the Primate Re- 
search Center of Kyoto University, 
found that while interacting with their 
mothers, three-month-old human ba- 
bies extend their index fingers rhythmi- 
cally and make speechlike cooing sounds 
at the same time. This gesture, a precur- 
sor of pointing, together with the results 
of other experiments Franco and | con- 
ducted, suggests that babies are not 
taught to point by adults. Mothers vali- 
date the gesture through their own reac- 
tions, but they do not create it. 

A number of studies show that finger 
pointing is related to both gesture and 
speech. Paul Morissette, of the Univer- 
sity of Montreal, and I found that the 
age at which a baby first points is a good 
predictor of its progress in understand- 
ing language—as measured by the num- 
ber of indicative gestures (such as point- 
ing with a flat hand or closed fist, 
clapping, or waving) in the baby’s reper- 
toire five months later and how many 
animal noises the baby recognizes. Mar- 
garet Harris, of the University of Lon- 
don, has shown that babies first point in 
the same week they begin to understand 
names for objects, such as cat and ball. 

Pointing does not necessarily precede 
a baby’s first word. In one of our studies, 
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Morissette and I found that the average 
age of pointing was 327 days for girls 
and 350 days for boys. At approximately 
the same ages, girls already had a vocab- 
ulary of three to four words; boys, one. 
The rate of speech acquisition, however, 
is correlated with the onset of pointing. 
Luigi Camioni, of the University of 
Rome, has found that the earlier babies 
begin to point, the more words they 
know at twenty months of age. 

Lida Graupner (a postdoctoral fellow 
working in my laboratory) and I re- 
cently established that as long as an ob- 
ject is in the middle of their field of 
view, most babies are more likely to 
point with their right hand than their 
left. (For objects on the periphery, they 
point with the hand on the same side of 
the target.) This preference for the right 
hand may reflect the relative contribu- 
tions of the left and right parietal areas 
of the brain (known to be active when 
adults pay attention to objects in their 
right or left visual field) and may suggest 
connections in the nervous system be- 
tween areas of the brain that control 
pointing and those involved in speech 
perception and production. In right- 
handed people, the major speech centers 
are located in the left hemisphere, which 
is the same side of the brain that controls 
the right hand. 

Graupner, Franco, and I also found 
that when we added sound to the dolls, 
so that they spoke to the baby as they 
moved (saying “Hello, baby” and mak- 
ing squeaky sounds like those of a Walt 
Disney cartoon character), fifteen- 
month-old baby girls were more likely 
than boys of the same age to point with 
the right hand. Such coordination be- 
tween seeing, hearing, and right-handed 
pointing may help them learn that 
sounds refer to things and may explain 
the often reported advantage many girls 
enjoy in acquiring speech. 

The frequency and speed with which 
babies point depend on the complexity 
of the event they have observed. At La- 
Trobe University in Australia, Beryl 
McKenzie and I showed babies a toy 


clown designed to do three things, sepa- 
rately or in combination: rotate on its 
axis, travel slowly across the babies’ field 
of vision, and “vanish” behind a screen. 
The more complicated the combination 
of movements, the longer it took a baby 
to point. When we combined all three 
movements, babies generally didn’t start 
pointing for a full ten seconds after the 
clown disappeared. After this, however, 
the babies began pointing, vocalizing 


excitedly (often imitating the squeaky 
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something int 





resting in front of her. 
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sounds of the clown), and checking with 
their mothers. It was as though the ba- 
bies were pointing into the past, as if to 
say, “Wow, did you see that?” 

Once babies start to point with the 
index finger, they much prefer this to 
other indicative gestures in their reper- 
toire, such as extending a flat hand or 
closed fist. Pointing turns out to be 
more than a means of reorienting some- 
one else’s attention; it is a crucial step on 





the road to language. O 
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A little girl points with the index finger of her right hand to draw another baby’s attention to 


A preference for right-handed pointing is common, 
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ice that pointing and speech are connected. In right-handed people, the left 


controls the right hand and houses the major speech centers. 
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Join the Detective Book Club now, and get 
9 mystery novels — worth $170 or more at original 
publishers’ prices — for only 49¢! Get a FREE Book 
Tote Bag too! 


Save 75% forever. 

As a member youll save 75% or more off 
publishers’ prices. Each of our easy-to-read hard 
cover triple volumes contain 3 full-length novels. 
You pay only $14.95 each. That’s under $5 per 
mystery — less than most paperbacks! 


FREE examination, no risk. 

You'll receive your 9 introductory mysteries in 3 
triple volumes of your choice. Keep them for just 
49¢ plus shipping and handling, or return them 
within 10 days and owe nothing. 


Top mystery writers. 

We publish Tony Hillerman, P.D. James, Dick 
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Sw ay 


organ describes his despair 
as their captors string up 
King Arthur for a hang- 
ing: “They were blind- 
folding him! I was paralysed; 1 couldn't 
move, I was choking, my tongue was pet- 
rified. .. . They led him under the rope.” 
But, in the best clifthanging tradition, and 
at the last instant, Sir 
Lancelot comes to the rescue with 500 
knights—all riding bicycles. 


conceivable 












Lord, how the plumes streamed, how the 
sun flamed and flashed from the endless 
procession of webby wheels! I waved my 
right arm as Lancelot swept in. . ... I tore 
away noose and bandage, and shouted: 
“On your knees, every rascal of you, and 
salute the king! Who fails shall sup in hell 
tonight!” 


Jam not citing either Monty Python 
_ or Saturday Night Live, and | didn’t mix up 
oo in the first sentence. The 





History $727? 


the same predicament) but Hank Mor- 
gan, the Connecticut Yankee in King 
Arthur’s court in Mark Twain’s satirical 
novel of the same name. Morgan, trans- 
ported from nineteenth-century Hart- 
ford, wreaks mayhem in sixth-century 
Camelot by introducing all manner of 
“modern” conveniences, including to- 
bacco, telephones, baseball—and bicycles. 

As a literary or artistic device, anachro- 
nism exerts a powerful hold upon us and 
has been a staple of all genres from the 
highest philosophy to the lowest com- 
edy—as Jesus is crucified in a corporate 
boardroom by Dali, condemned at his 
second coming by Dostoyevsky’s Grand 
Inquisitor, but only offered a half-price 
discount (as he changes to modern dress) 
by the Italian barber or the Jewish tailor 
of various ethnic jokes, now deemed 
tasteless and untellable. 

Anachronism works this eerie and po- 
tent effect, | suppose, because we use the 
known temporal sequence of our history 
as a primary device for imposing order 
upon a confusing world. And when “the 
time is out of joint; O cursed spite,” we 
really do get discombobulated. We also 
know that correction of a perceived time 


ty 














warp cannot be achieved so easily in 
life as in magical fiction (where Me 
can put Hank Morgan to sleep for 1, 






years, or Dracula can be dispatched wit 






wooden stake driven into the right spo 
We regard Hamlet’s blithe confidence as 
mark of his madness when he compl 







his rhyming couplet with the Sh 


spearean equa of “no sweat” 














“hakuna matata”—“That ever I was b 
to set it right!” 

Science, for reasons partly mythi 
but also partly accurate and defendable 
presents itself as the most linear’ and 
chronologically well ordered of all d 
plines. If science, working by fruitful ar 
largely unchanging methods of re: 
observation, and experimentation, 
ops progressively more accurate accout 
of the natural world, then history ¢ 
vides a time line defined by ever ex 


Morgan who 

ix-shooter to Julius Cae- 

ar or explain the theory of natural selec- 
tion to Thomas Aquinas—can only evoke 


metaphorical comparison with a space- 


man from a more advanced universe or a 
yenuine angel from the realms of glory. In 
h -enttire history of science, no man 

9 Well qualified for such a designa- 
éonardo da Vinci, who died in 

1519 ut filled his private notebooks with 
he principles of aeronautics, the mental 
vention of flying machines and sub- 
arines, and a correct explanation for the 
ture of fossils that professional science 
suld not develop until the end of the 
ighteenth century. Did he have a private 
line across the centuries to Einstein, or 
even to God himself? 
I must confess that 1 share, with so 
many others, a lifelong fascination for this 
man. I was not a particularly intellectual 


child; I played stickball every afternoon 


and read little beyond comic books and 
school assignments. But Leonardo cap- 
tured my imagination. | asked, at age ten 
or so, for a book about his life and work, 
probably the only intellectual gift that | 
ever overtly requested from my parents. 
As an undergraduate geology major, I 


Eeonardo. A scholar must still struggle to obtain a 
complete translation e » document like ue 


Sk i cddasinaly fragmentary, and Be in-- 


ual passages of the codices are broken apart 
and rearranged by subject. (Thus, you can find 
conardo’s statements about water under a com- 


eading,-as abstracted from all his notebooks, 


you cannot put together the text of the Codex 

ester—adn itte ly:a 5 Bo eenodee and miscel- 
‘trace sequential jor- 
jpparent medley, for 


"Leicester ig led ie 


by their accuracy but also by their clear 
statement of paleoecological principles 


boa not a : 


famous 


Lisa (in th ue 
crumbling 
nothing in | 


not clearly codified before our century — and 
and still serving as a basis for modern t 


studies. 


What goes around, comes around—as 


Leonardo must have said somewhere. 


This Codex Leicester— o 
most important notebooks, filled largely 


with commentary on the nature and use — 
of water—first came to light in the 1690s, 
when Giuseppe Ghezzi found the docu-— 


ment in a chest of manuscripts in Rome. 
In 1717, Thomas Coke, Lord 
Leicester (hence the codex’s name), pur- 


later 


chased the notebook, which remained in 
his family until Armand Hammer bought 
it in 1980—and renamed it, in Trumpian 
fashion, Codex Hammer. With enormous 
fanfare (at enormous profit), Christie’s 


auctioned this notebook on November — 
11, 1994, when America’s Bill Gates out-. 


bid several European governments and 


bought the manuscript for more money 


than T can count. Gates, to his credit, re- 


one of Leonardo’ our 


war delle a irrigation projects. + 
served under the generous patronage of 
Europe’s most powerful rulers, including 
Ludovico il Moro of Milan, the infamous. 
Cesare Borgia of ee and Kir 
Francis | of France. 


eonardo’s notebooks did not. 
come generally known un il the: 
late eighteenth ae 
Mma ‘ETE NOt published ( 
only in fragmentar: 


stored the original name and has favored “i 


public exhibition of the document—in- 
cluding a show at the American Museum 
of Natural History in 1996, where I fi- 
nally saw this icon of my dreams and ad- 


miration, and where I developed the ideas 


for this essay. This is the only manuscript 
of Leonardo’s now residing in America. 


Leonardo’s notebooks—Edward MacCurdy’s com- 


ie be 
* 
to eh) 


pilation of 1939, and my source of quotation for and 


this essay——is far more adequate (and nearly com- 
plete for the Codex Leicester), although also broken 
up by topic. 

1 must confess to a wry amusement (which 


might have blossomed to near fury if] had a differ- — 


ent temperament) at the recent exhibit of the 
codex. Visitors could see all the original pages and 
buy a beautiful catalog with each page reproduced 
in full facsimile. But no printed translation could 
be found an and the catalog only provided 
a pitifully scrappy s 
could 
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continues to view him as Western cul- 
ture’s primary example of a “spaceman,” 
that is, as a genius so transcendent that he 


dite forward in its lines = ms ced, 


close rn and ee experi- 
lent. He could therefore overcome the 


cism of his own times. 
For example, the “Introductory Note” 
— in the official catalog for the recent exhi- 


the basis of Leonardo’s success in these 
words: “In it [the codex] we can begin to 
see how he combined almost superhu- 
man powers of observation with an un- 
_ derstanding of the importance of experi- 
mentation. The results were inspired 
insights into the workings of nature that 
‘match his artistic achievements.” When 
such conventional sources acknowledge 
rsisting medieval character of many 
-Leonardian pronouncements, they almost 
always view this context as a pure imped- 
iment to be overcome by observation and 
experiment, not as a matrix that might 
have been useful to Leonardo, or that 
_ might help us understand his beliefs and 
conclusions. For example, the closing 
passage of the long Encyclopaedia Britannica 
article on Leonardo states: “Leonardo ap- 
proached this vast realm of nature to 
probe its secrets. . .. The knowledge thus 
won was still bound up with medieval 
Scholastic conceptions, but the results of 
his research were among the first great 
achievements of the thinking of the new 
age because they were based on the prin- 
ciple of experience.” 
_ Frankly, and to say so quite baldly, | 
think that this conventional view could 
not be more wrong in its general ap- 
proach to the history of knowledge—or 
more stultifying for our quest to under- 
s and this most fascinating man of our in- 
past. Leonardo did make won- 
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Leonardo operated mn rhe context of 
fi time. He used his basically medieval 
and Renaissance concept of the universe 
to pose the great questions and to orga- 
nize the subjects and phenomena that 
would generate his phenomenal original- 
ity. If we do not chronicle—and re- 
spect—the medieval sources and charac- 
ter of Leonardo’s thought, we will never 
understand him or truly appreciate his 
transforming ideas. All great science, in- 
deed all fruitful thinking, must occur in a 
social and intellectual context—and con- 
texts can promote insight as well and as 
often as they constrain thought. History 
does not unfold along a line of progress, 
and the past was not just a bad old time to 
be superseded and rejected for its in- 
evitable antiquity. 


n this essay, I will try to illustrate 

the centrality of Leonardo’ largely 

medieval context by analyzing his 

remarkable paleontological obser- 
vations in the Codex Leicester, | will begin 
by acknowledging their truly prescient 
character, but will then raise two ques- 
tions that expose the early-sixteenth- 
century context of Leonardo’s inquiry: 
“What alternative account of fossils was 
Leonardo trying to disprove by making 
his observations?” and, “What theory of 
the earth was Leonardo trying to support 
with his findings?” Leonardo did not 
make his observations to win the praises 
of future generations; he studied fossils to 
probe these two questions of his own 
time—and his answers could not be more 
deeply embedded in a “modernity” of 
his own century, which we would now 
mock and dismiss as hopelessly anti- 
quated. Thus, we cannot understand 
Leonardo’s paleontology + 
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ney must ‘ coming oo a Vict 
geologist somehow trapped in the ¢ 
sixteenth century. But let me stop 1 
veling and start listing a small sample: 

1. Leonardo recognized the temp 
and historical nature of horizontal, str 
by correlating the same layers across the 
two sides of river valleys: a 


How the rivers have all sawn through and 
divided the members of the great Alps o1 
from another; and this is revealed by the 
arrangement of the stratified rocks, in wl 
from the summit of the mountain down t 
the river one sees the strata on the one si 
of the river corresponding with those on 
other. 


from the Codex Leicester as presented 


high mountains, and that transport 
blocks are progressively worn down 


rivers deposit gravel, and eventually fir 
clay, near their mouths. (I learned th 
rule as principle number one on day 
number one in my college cols in 


ginning geology): ee 


, When a river ‘fous ont ‘fore among 
mountains it deposits a great quantity 0 
large stones... . And these stones still 
retain some an of their ng 
and as it proceeds o 
with it the lesser stones ith angl 

worn away, and so the large stones 
smaller; and farther on it depos 












5. If both valves of a clam remain to- 
gether in a fossil deposit, the animal must 
ave been buried where it lived, for any 
xtensive transport by currents after death 
“must disarticulate the valves, which are 
not cemented together in life but only 
hinged. by an organic ligament that 
quickly decays after death. (This principle 
of inferring transport by noting whether 
ossil clams retain both valves remains the 
imary rule of thumb for everyday pa- 
leoecological analysis. I doubt that any 
{ e-nineteenth-century geologist men- 





tioned this observation in more than a ca- 
sual manner, while Leonardo regarded 
_ the argument as central. This is the obser- 
' yation that first inspired my undergradu- 





ate awe for Leonardo, for I had just 
_ learned the rule in class and had thought: 
“How clever; how modern.’) 








And we find the oysters together in very 
large families, among which some may be 
seen with their shells still joined together, 

“which serves to indicate that they were left 
there by the sea and that they were still 
living. 
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At another site, on the other hand, 
‘Leonardo inferred extensive transport 
. after death: | 

. In-such a locality there was a sea beach, 

_ where the shells were all cast up broken and 
- divided and never in pairs as they are found 
> in the sea when alive, with two valves 
which form a covering the one to the other. 








6. Leonardo often illustrates the so- 


Pialied ‘uniformitarian principle. of using 
observations on current processes to infer 


past events. To get some idea of potential 


‘spatial distribution in a layer of fossils, he 
notes, in a striking ie how far a. 
-cockle can move in a ee 


~ It does not swim, bulk ithe a furrow in 
the sand, and supporting itself by means of 
the sides of this furrow will travel between 
three and four braccia in a day, [A 
braccio, or “arm,” measured about two 
. feet.) 

7. No marine fossils are ever present in 
regions or sediments not once covered by 
the sea. 

8. When fossil shells are found broken 
in pieces and heaped one upon the other, 
we may infer transport by waves and cur- 
rents before deposition: 


But how could one find, in the shell of a 

large snail, fragments and bits of many 

other sorts of shells of different kinds unless 

they have been thrown into it by the waves 

of the sea as it lay dead upon the shore like 

the other light things which the sea casts up 
upon the land? 


9. The age of a fossil shell can often be — 


determined by growth rings that may 


record astronomical cycles of months or 


years. (Sclerochronology, or the analysis 
of growth periodicities, has become a rig- 
orous and important subject in paleobiol- 
ogy only during the current generation.) 
We can, Leonardo writes, 
shells of cockles and snails the numbers of 
months and years of their lives just as one 


“count on the 


can on the horns of bulls.” 


I have often, in these essays, quoted a 


favorite line from Darwin: “How can 
anyone not see that all observation must 
be for or against some view if it is to be of 
any service.’ Leonardo’s keen observa- 
tions do seem to emit a wondrous whiff 
of modernity, but when we learn why he 
made his inquiries and note how he or- 
dered his facts, we can begin to place him 
into the proper context of his own world. 


Leonardo did not observe fossils for pure 











two major inp coueae of ioe one 
rent in his day. Both had been proposed 
to resolve a problem that had deeply t trou- 
bled Western natural history ever. since 
antiquity: If fossil shells are the remains of — 
marine organisms (and some are virtually 
indistinguishable from modern species), % 
how did they get entombed in strata that — 
now lie within mountains, several foe 





sand feet above current sea level? — 

First, Leonardo disproves and ridicules — 
the common idea that all fossils were 
transported to mountains by the high wa- 
ters and violent currents of Noah’s flood, 
Observations 3 to 6 of my list all serve this 
purpose by showing that many fossils are cS 





preserved in their position of life, undis- 
turbed by any movement after death. 
One flood cannot produce a fossil record 
in several sequential layers (observation _ 2 





3). Strata formed by violent currents — 

could not preserve the feeding tracks of 
worms (observation 4). Noah’s flood- 
waters would have disarticulated all fossil 







- clams into separate valves (observation 5). - 


As for the cockle, laboriously moving Bat 
six to eight feet a day ix in its furrow, Ort 
days and nights of rain would scarcely S 
provide enough time for a journey. 50: 
miles inland (where fossil cockles now re 
side) from the nearest modern sea: 
















With such a rate of mobion it would 
have travelled from the Adria fic Sea as ae e 
as Monferrato in Lombardy, a ‘distance a 
250 miles, in forty days—as he ae said 
who kept a record a7 this time. 





Moreover, oe ce oe shells 
are too heavy to be transported at the tops 
of waves, and they cannot be swept up the ; 
mountains along the bottom of the waters 
because, Leonardo believed, the bottom Q 
currents always move down from higher 





to lower elevations, even while waves and 
surface currents sweep inland. The ex- 
plicit refutation of Noah’s flood as a cause — 
of fossils forms a major theme of the 
(please turn to page 58) 








Story by Frans de Waal 
Photographs by Frans Lanting 


For decades, scenarios of human evolu- 
tion have depicted our ancestors as “killer 
apes,’ progressing from aggression to 
hunting and warfare. While work on 
some monkeys and apes (notably baboons 
and chimpanzees) supported this view, 
studies of the most recently recognized 
ape species, the bonobo, both in the wild 
and in captivity, certainly do not. 

The bonobo (sometimes known as the 
pygmy chimpanzee) was officially distin- 
guished from its sibling species, the chim- 
panzee, in 1929. Until then, bonobos 
were often mistaken for young chim- 
panzees because of their juvenile appear- 
ance. The bonobo remained little more 
than a curiosity, however, until the 1970s, 
when Japanese and Western scientists 
traveled to Zaire to begin documenting 
the natural history of this elusive anthro- 
poid. These scientists have revealed the 


one-sidedness of previous attempts to re- 


construct the behavior of the common 
ancestor of humans and apes. 

Bonobo society, unlike that of chim- 
panzees, is best characterized as female 


centered and egalitarian, with sex substi- 
tuting for aggression. Females occupy 
prominent, often ruling positions in soci- 
ety, and the high points of bonobo intel- 
lectual life are found not in cooperative 































hunting or strategies to achieve domi- 
nance but in conflict resolution and sensi- 
tivity to others. 

My own work with bonobos began in 
1983, when I set out to study a colony of 





ten individuals at the San Diego Zoo. My 
intention was to develop the first detailed 
“ethogram,” a systematic catalog of the 
species’ facial expressions, gestures, and 
vocalizations. To get the necessary infor- 
mation, I stood in front of the bonobos’ 
enclosure for hundreds of hours, observ- 
ing and videotaping them. 

One day, I watched as two adult males 
were reintroduced after a long separation. 
They both screamed and circled each 
other for six minutes without making any 
physical contact. The ape keepers and I 





feared a bloody confrontation (most ani- 


mals fight when introduced to a relative 
stranger of the same sex), but Kevin, the 
younger male, kept stretching out his 
hand and flexing his fingers, as if beckon- 


ing Vernon to come closer. Occasionally, 
Kevin shook his hands impatiently. 

Both males had erections, which they 
presented to each other with legs apart, in 
the same way that a male bonobo invites a 
female for sex. It was as if each male 
wanted contact but did not know 
whether the other could be trusted. 
When they finally did rush toward each 
other, instead of fighting, they embraced 
frontally with broad grins on their faces, 
Vernon thrusting his genitals against 
Kevin’s. They calmed down right away 
and happily began collecting the raisins 
that the caretakers had scattered around. 
Instead of screaming, they now uttered 
excited food calls. 

The way this brief but tense encounter 
unfolded—the intense exchange of sig- 
nals, the genital contact, and the peaceful 
ending—is emblematic of the species. 
Aggressive behavior is not absent in the 
bonobo, either in captivity or in the wild, 
but it remains mostly mild and restrained 


compared with the elaborate charging 
displays for which the chimpanzee is so 
well known. 

A male chimpanzee appears larger than 
life when he raises his hair, uproots a 


small tree, and charges about slapping the 
ground with great force and energy. 
When he is in this mood, anyone who 
crosses his path risks a beating. He can 
keep up the performance for minutes; 
perhaps the length and vigor of the dis- 
play informs his fellows about his health 
and stamina. In the Mahale Mountains 
National Park, in Tanzania, Japanese pri- 
matologist Toshisada Nishida observed a 
high-ranking male chimpanzee that had 
developed a habit of displaying near a 
riverbed with enormous rocks, which he 
would dislodge and roll downhill, pro- 
ducing a thunderous noise that seemed to 
impress his rivals. 

In comparison, the bonobo male’s typ- 
ical display looks like harmless play. He 
will grab a branch and drag it behind him 
while making a brief run. The unstop- 
pable steam-engine display enacted by his 
more robust relative could not be more 
different. Also, bonobos rarely perform 


confrontations known 


the complex 





among chimpanzees, in which one ani- 
mal recruits supporters against another, 
thus forcing the opponent to do the same, 
until entire sections of society oppose 
each other on the battlefield. Chim- 


panzees will go around cajoling their 


friends to get involved, holding out a 
hand to one, embracing another. As a re- 
sult, confrontations may last half an hour 
or more, involving all sorts of shifting al- 
liances and lots of screaming and barking. 
Bonobos, in contrast, fight chiefly on a 
one-on-one basis without maneuvering 
to draw in third parties. 

This is not to say that a bonobo placed 
together with chimpanzees would be at a 
loss about what is going on among them, 
or that bonobos themselves never form 
alliances. They are capable of the same 
kinds of interactions, yet they rarely en- 
gage in confrontations on the grand scale 
characteristic of the chimpanzees’ politi- 
cal system. 

Chimpanzees go through elaborate rit- 
uals in which one individual communi- 
cates its status to the other. When two 
adult males meet, one will grovel in the 
dust, uttering panting grunts, while the 
other stands on two feet and performs a 
mild intimidation display to make clear 


Bonobos have long, graceful limbs and, 

compared with chimpanzees, small heads. 
who ranks above whom. Overall, com- 
munication patterns related to aggression, 
dominance, and submission are more 
conspicuous and spectacular in the chim- 
panzee. This species seems to invest con- 


In the rain forests of Zaire, bonobo mothers nurse their young for four years and take them 


with them everywhere they go. 
siderably more energy, both physical and 
mental, in politicking: the chimpanzee is 
the Machiavelli of the primate world. 
Are we permitted to speak of “politics” 


in relation to animals other than our- 


selves? If we follow the social scientist 
Harold Lasswell’s classic definition of pol- 
itics as “who gets what, when, and how,’ 
then why shouldn’t the dominance strate- 


gies and alliances of nonhuman primates 





be labeled as such? In baboons and chim- 
panzees, for example, two males may 
band together to defeat a third; such al- 
liances determine sexual access to fe- 
males, and thus decide who gets what. 
As soon as such alliances come into 
play, a higher level of social awareness is 
required. It becomes of paramount im- 
portance to know not just who your 
friends and enemies are but also who the 
regular allies of your adversaries are, so 
that their presence or absence can be 
taken into account. Success demands 
keeping track of a large number of social 
factors, hence the thesis, forwarded by 
primatologists in the 1960s, that social 
problem-solving is the original function 


Bonobos often walk on two legs when they have food in their 
hands. This captive female is carrying ginger leaves. 


of primate higher mental functions (in- 
cluding those of humans). 

If chimpanzees indeed engage in the 
most elaborate power strategies, they 
might represent the best example of so- 





cially driven brain evolution. Does this 
mean that the bonobo, being less politi- 
cal, is less intelligent? Indications are that 
bonobos resolve the question of who gets 
what, when, and how by different, some- 
what subtler means. In bonobo society, 
the accent seems to have shifted toward 
peaceful settlement of conflicts of interest. 

This brings me to the domain in which 
bonobos excel. If, of the twin concepts of 
sex and power, the chimpanzee has an ap- 
petite for the second, the bonobo clearly 
has one for the first. The chimpanzee re- 
solves sexual issues with power; the 
bonobo resolves power issues with sex. In 
sexual matters, chimpanzees follow an al- 
most laughably simplistic scheme. Bono- 
bos have more ways of 
inviting each other sexu- 
ally, more ways of engag- 
ing in sex, and a greater 
variety of facial expres- 
sions and vocalizations 
associated with sexual in- 
tercourse than do chim- 
The 
panzee’s sex life is rather 


panzees. chim- 
plain and boring; bono- 
bos act as if they have 
read the Kama Sutra. 

By far the most striking 
contrast between the two, 
however, is in vocal com- 
munication. The voices of 
the two species are so dif- 
ferent that it is easy to tell 
them apart. Not only is 
the bonobo’s voice shriller 
but its calls are often quite 
distinct. For example, the 
long-distance call of the 
chimpanzee is a slowly 
swelling hoot, whereas 
the bonobo utters ner- 
vous, agitated whooping 
calls. Heard from a dis- 
tance, these calls sound 
like the yapping of a small dog, or rather 
many small dogs, because bonobos syn- 
chronize such calls to a high degree, pro- 
ducing choruses in which individuals 
“echo” one another. 


An even more remarkable coordina- 
tion is achieved during aggressive con- 
frontations. Each opponent may vocalize 
in alternation with the other, exchanging 
sounds as fast as the back-and-forth of a 
professional Ping-Pong match. They 
seem to be trading information about 
emotions and intentions. The calls are 
variable: some may be threats, others may 
betray fear, and yet others may express a 
desire to reconcile. 

During the reunion between Kevin 
and Vernon, the two males went through 
this kind of rapid dialogue in a very in- 
tense manner. A spectrographic analysis 
of their calls indicated that they changed 
in quality over the course of the en- 
counter but remained similar to each 
other’s (a process known as vocal match- 
ing), as if the two males gradually con- 
verged on a solution to their predica- 
Their 
overlapped—that is, the two males re- 


ment. calls almost never 
sponded to each other without interrupt- 
ing. Ten years before my study, Claudia 
Jordan, a German ethologist, had already 
reported so-called squeal duels when one 
bonobo confronts another. Possibly what 
chimpanzees do by means of visual dis- 
plays of strength and determination, 
bonobos do by a more “languagelike” ex- 
change of information about their inter- 
nal states. It would be going too far to 
claim that they are talking the issue over, 
but there is a certain dialectic and coordi- 
nated quality to the bonobos’ vocal con- 
tests that is absent in the chimpanzee. 

The bonobo’s natural communication, 
as well as many other fascinating aspects 
of its behavior, has not yet received the at- 
tention it deserves. These little-known 
primates are endangered in the wild and 
extremely rare in captivity. If we take 
good care of them, however, we may for a 
long time share this planet with a family 
member that affords us an entirely new 
look at ourselves. 


Excerpted from Bonobo: The Forgotten 
Ape, by Frans de Waal, photographs by Frans 
Lanting. Printed by permission of the Univer- 
sity of California Press, 1997. 


By Kevin Krajick 


In 1976 scientists on an international drilling expedi- 
tion off the coast of Guatemala brought up a core of 
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gritty mud from the deep-sea floor. In it were several 
softball-size nodes of a whitish, icelike material no one 
on board had ever seen before. The nodes popped, 
hissed, and snapped like frying bacon, sputtering out 
gas and throwing off droplets of liquid. Within minutes 
the only thing left was a puddle of water. “We mea- 
sured and photographed it every which way,” says Bill 


Fuel 


Harrison, a geologist at the Idaho National Environ- 
mental Engineering Laboratory, who was on board. 
“We knew what we had.” 

What they had were bits of gas hydrates—chemical 
compounds that are increasingly being studied for their 
potential as huge reservoirs of energy, as possible causes 
of sea floor instability, and even as significant contribu- 


Explorations under the sea floor rev 


tors to global warming. Scientists had long speculated 
about them and even made them in the laboratory, but 
until now only a few had been seen in nature. 
Hydrates are a peculiar combination of two com- 
mon substances: water and natural gas, usually 
methane. If these meet in sediments where pressure is 
high and temperature low—a combination produced 
under oceans and the permanently frozen subsoil (per- 
mafrost) of polar regions—they join together in an ex- 
traordinarily compact form found nowhere else. But 
retrieving a chunk is extremely difficult. Unlike dia- 
monds or oil, hydrates quickly decompose into their 
two components when they are pulled up from the 
depths toward warmth and low pressure—thus the 
rush of gas and water that the scientists saw on deck. 
They were lucky to witness even that; decomposition 
usually happens long before hydrates hit the surface. 
Since the 1970s, scattered studies have spotted 
about fifty areas where significant deposits may exist, 
says Keith Kvenvolden, a U.S. Geological Survey scien- 
tist in Menlo Park, California. There is a rough con- 
sensus that 20 quadrillion cubic meters of methane are 
locked up in hydrates—enough to blanket the earth’s 
surface with gas 130 feet thick. Measured another way, 
hydrates may hold 10 trillion tons of carbon, twice as 
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much as the earth’s coal, oil, and conventional gas re- 
serves combined. The estimate is based on just a few 
dozen recovered hydrate samples, as well as on seismic 
profiles of the sea floor, chemical analyses of drill cores, 


T 


and extrapolations about where conditions exist for hy- 





drate formation. “There’s still a lot of speculation,” 


ast deposits of cry 
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notes Kvenvolden. “God knows what the reality is.” 

Studies show that most of the gas for hydrates is 
made when anaerobic bacteria break down organic 
matter under the sea floor, producing methane and an 
array of gaseous byproducts, including carbon dioxide, 
hydrogen sulfide, and small amounts of ethane and 
propane, all of which can be incorporated into hy- 
drates; methane, however, predominates. Various ther- 
mal reactions can also produce methane for gas hy- 
drates. As gases rise, they are dissolved in whatever 
water is in the sediment. At the right pressure-temper- 
ature combination—the “stability zone’”—hydrates 
will form. In theory, most ocean bottoms provide sta- 
bility zones, but in practice, hydrates seem confined to 
the edges of continents, where nutrient-rich waters 
send a rain of organic detritus into the muds for bacte- 
ria to turn into methane and where the water is at least 
1,000 feet deep. Although gas hydrates can be found at 


the sea floor, their usual range is 325 to 3,600 feet be- 
neath it. In permafrost, they can occur at shallower 


depths because of colder temperatures. 

The basic hydrate unit is a hollow crystal of dozens 
of water molecules; inside, a single gas molecule floats 
freely. The crystals fit together in an extremely tight 
latticework. To the naked eye, hydrates (also known as 
clathrates, from the Greek and Latin words for “cage- 
work”) look like ice. But hydrate crystals are cubic 
rather than hexagonal, and hydrates usually form above 
the freezing point of water. Also, unlike ice, hydrates 
can be set on fire because they are amazingly efficient 
packages for flammable methane. The crystal structure 
effectively contains the compressed gas; in a cubic foot 
of hydrates, gas will expand in volume to about 164 
cubic feet at standard temperature and pressure. 

Depending on local conditions, hydrates may be 
found in nodules, veins, solid layers, or finely dispersed 
particles between sediment pores. But they usually 
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can’t be seen. Only in a few places—the Gulf of Mex- 
ico is one—do visible lobes crop out on the sea floor. 
Hydrates have also been found under sediment off the 
Oregon coast, in 10,000-foot-deep water. In 1995 ge- 
ologists drilling along the peat-rich Arctic coast of 
Canada’s Northwest Territories discovered hydrates for 
the first time in permafrost itself, 400 feet down. Rus- 
sian and Japanese scientists have found hydrates deep in 
the Antarctic ice sheet, formed from ancient bubbles of 
atmospheric nitrogen and other gases. 

Since hydrates are nearly impossible to observe di- 
rectly, researchers have relied on a surrogate: making 
them in the laboratory. This involves shaking, heating, 
cooling, or otherwise manipulating gas and water or 
ice particles for hours or days—a process that probably 
little resembles what actually happens in nature. 

How exactly do they form? How long does it take? 
If you find a chunk, is it a few hours old or 20,000 
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years old? These are some of the questions that are 
being asked by Peter Brewer, a researcher at the Mon- 
terey Bay Aquarium Research Institute, who recently 
designed an unusual experiment: sending a remotely 
operated vehicle (ROV) to the bottom of an underwa- 
ter chasm the size of the Grand Canyon, off Moss 
Landing, California. Given the natural pressure and 
temperature, Brewer hoped to make hydrates using 
methane and seawater. Accompanied by other curious 
scientists, he set out on a series of expeditions on the 
research vessel Point Lobos. 

One of these expeditions took place over two days 
last October. An ROV strapped to the deck was outfit- 
ted with several clear plastic cylinders and attached by 
tubes to a tank of methane gas that would be released 
at the right moment. Video cameras were fixed to the 
ROV so that Brewer could see what was happening. 
About eight miles offshore, the ninety-seven-foot Point 
Lobos rolled heavily in ten-foot seas. Deckhands un- 


Hydrates are nearly 
impossible to observe 
directly in nature, so 
some researchers 
make them in the 
laboratory. Opposite 
page: Hydrates on fire 
in the lab. A few 
researchers have also 
attempted to make 
hydrates in the sea. In 


ntially our greatest source of energy. 





October 1996, 
scientists monitored 


such an experiment in 
the control room of 
the Point Lobos 
research vessel, 
above. They sent a 
remotely operated 
vehicle, above left, 
into deep water off the 
California coast to 
facilitate the making 
of hydrates. 
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Organic 


matter is broken 
down in sediment by 
anaerobic bacteria to make methane 
and other gases that, with high pressure and low 
temperature, can form solid hydrates, 
or falling pressure can cause hydrates to decompose, resulting in 
landslides or sea floor collapses. 2. Gas can escape to the sea floor, and there 
form hydrates or nourish chemosynthetic communities. 
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cinched the ROV, then dashed out of the way as a 
crane swung it over the side into the water, where it 
bobbed, then dived in a burst of foam. From a dark 
control room below deck, pilot Paul Tucker guided the 
ROV with a joystick. After twenty minutes, the video 
screen showed a swirl of brownish silt as the craft 
reached the bottom, 3,000 feet down. Instruments re- 
vealed that the temperature there was a brisk 3.9 de- 
grees Celsius and the pressure 90 times that on the sur- 
face. Exotic small fishes and bright orange shrimps 
drifted by, but Brewer had eyes only for the cylinders. 
Tucker ran some seawater into them. Various instru- 
ments were checked. Finally Brewer called, “OK, give 
it some methane.” Tucker pushed a button, and a col- 
umn of bubbles rose into the water in the cylinders. 
For a couple of seconds, nothing happened. Then 
the bubbles coalesced and turned into a cluster of 
spheres resembling fine, translucent pearls. Observers 


Hydrates, which contain 3,000 times more methane than the air does, cou 
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The Solid Gas Beneath the Sea 


forgot how seasick they were, and a cheer went up. 
With the addition of more methane, the mass grew to 
“Look at that!” shouted 
“Look how fast it forms! That’s amazing!” 
Within minutes it had compacted itself into a snow- 
cone shape. But there was no way to hang on to it. 
When Tucker started guiding the ROV toward the 
surface, Brewer's snow cone began to disappear. At 
1,800 feet, gas started to bubble from it, and it began to 
look slushy and gray. At 1,050 feet, it boiled furiously 
and holes appeared in it. At 850 feet, just a few frag- 
ments floated in the water. Then it was gone. 

A few months earlier, a group at Texas A&M Uni- 
versity had made hydrates with similar speed and ease 
by corralling natural methane that bubbled out of the 
ocean floor, trapping it in a tube. In November and 
December 1995, the Ocean Drilling Program (ODP), 
a worldwide consortium of scientific institutions, also 


the size of a rolling pin. 
Brewer. 
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attempted to understand the dynamics of hydrate de- 
posits, with intriguing results. The ODP’s vessel 
JOIDES Resolution went to the Blake Ridge off the 
South Carolina coast and drilled into what scientists 
thought might be a rich hydrate field. As a 30-foot- 
long, 2.3-inch-wide drill core was being hauled out of 
the water, the free gas and/or hydrate inside the core 
suddenly expanded and shot out a load of hard, green- 
ish clay, which landed two decks below. The crew 
managed to pick some intact hydrate pieces out of sim- 
ilar cores and rush them into pressurized, cooled canis- 
ters before they could decompose. 

Bill Winters, a U.S. Geological Survey (USGS) 
civil engineer based in Woods Hole, Massachusetts, 
was awarded guardianship of several of those rare 
chunks, including one of the biggest ever—a 6.3-by- 
2.3-inch piece nicknamed “the Football?’ When the 
ship docked in Miami, Winters had a flatbed truck 


starts to form, it seals the gas-in, preventing it from es- 
caping. A “mature” hydrate mass could fill the whole 
stability zone, at which point free gas would start 
building up underneath. 

Thus, a solid hydrate mass might find itself sitting 
on an unstable foundation of toothpastelike, bubbly 
muck that was exerting upward pressure. Changes in 
pressure or temperature, earthquakes, or other distur- 
bances might cause the mass to decompose, crack, or 
slip downhill off its fragile foundation, resulting in 
massive gas releases or in undersea slumps. These possi- 
bilities are of more than academic interest. The Ocean 
Drilling Program long forbade the JOIDES Resolution 
from drilling through hydrates, fearing that drilling 
could suddenly cause gases to vent and sink the ship— 
the rumored fate of a Russian drilling barge in the 
Arctic some years ago. (The Blake Ridge exploration 
was sanctioned, partly because the water is deep 


Gas hydrates were first 
discovered in 1811, 
but their molecular 
architecture has been 
determined only 
relatively recently. To 
the naked eye they 
look like ice, but they 
are far different 


ntribute to global warming if the methane were released into the atmosphere. 


with generator-powered refrigerators waiting for the 
three-day drive home. On the final leg of the journey, 
he says, “The roads were washboards. We padded the 
canisters in foam and did 80 to even out the bumps.” 
On the New Jersey Turnpike, they hit a pothole, and a 
seal on the Football’s container failed. When Winters 
opened it, he found a puddle of water. 

Other scientists on the cruise had used a different 
technique. They sent specialized canisters down into 
the drill hole itself to collect samples of hydrates. The 
canisters were sealed before being hauled up, allowing 
for the retrieval of completely intact samples. Later, re- 
searchers working with University of North Carolina 
marine geologist Charles Paull released gas from the 
canisters and measured it under controlled laboratory 
conditions—the first such direct analysis ever done. 
Based partly on this measurement, they estimated that 
the Blake Ridge alone holds enough gas to supply heat 
and electricity, at current usage rates, to the United 
States for 100 years. 

Perhaps the expedition’s biggest surprise was that at 
least half the estimated gas was not in the hydrate layer 
but underneath it. Scientists had predicted that they 

would find a few yards worth of free methane beneath 
the hydrate layer. Instead, they found hundreds. “We 
never hit bottom, so we don’t know how far down it 
goes,” says Paull, the expedition’s co-chief. How this 
relates to the hydrate above, no one is sure. One possi- 
bility, says Paull, is that without anything solid to get in 
the way, gas just escapes through loose sediment and 
bubbles up into the water. But when a hydrate layer 


enough to mitigate such releases.) The late Richard 
Mclver, who was a petroleum geology consultant 
based in Texas, even suggested that naturally disturbed 
hydrates could explain mysterious disappearances in 
the Bermuda Triangle, conveniently located in the 
Blake Ridge region. He speculated that water frothing 
with gaseous methane could sink ships or even deprive 
low-flying aircraft of oxygen as they passed through 
the concentrated gas, causing their engines to fail. 

Some scientists theorize that hydrates could accel- 
erate global warming, for they harbor 3,000 times 
more methane—a powerful “greenhouse” gas—than 
the air does at present. The atmosphere already re- 
ceives some methane from bacteria operating in rice 
fields and wetlands, as well as from termites and rumi- 
nant livestock like cows, which harbor bacteria in their 
guts. National Oceanic and Atmospheric Administra- 
tion experts believe that slowly decomposing gas hy- 
drates are currently of only minor significance in nat- 
ural emissions—accounting for no more than 3 
percent. But what if even a few big deposits suddenly 
fell apart? 

There is evidence that this has happened in the 
past. The northern Alaska coast is carpeted with signs 
of old underwater landslides exactly matching calcu- 
lated hydrate zones. Huge scars mark the sea floor near 
the Blake Ridge, where landslides have also occurred. 
Some seem to have formed 18,000 years ago, toward 
the end of the last glacial age. Charles Paull says that 
glaciers, at their highest point, locked up enough water 
to lower the seas by about 400 feet from their current 


structurally. Top: The 


atoms that form water 
molecules in ice are 
interlocked in a 
hexagonal system. 
Above: Hydrate 
crystals are cubic. But 
their basic building 
blocks are water 
molecules linked 
pentagonally, forming 
a Cage large enough to 
trap a molecule of 
free-floating gas, such 
as methane. 
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Some hydrate deposits are actual ecosystems. They 
host not only methanogens—the bacteria that make 
the methane—and other microbes but also worms 
and mussels that sometimes live on top of deposits, all 
feeding directly or indirectly on slowly released gases. 
The anaerobic methanogens are members of the 
kingdom Archaea (meaning “ancient”), a collection 
of bacteria that thrive under extreme conditions. 
How far down these organisms live is unknown; they 
could define the bottom of the biosphere. Drillers 
have found microbes nearly two miles down in solid 
earth, and probably have not reached the limit. 
According to Robert Carney, an ocean ecologist 
at Louisiana State University, hydrate deposits “are 
like oases” on the desertlike ocean floor; they “col- 
lect all the meager little inputs of methane and store 
them up and then act as a time-release capsule 
would.” In 1995 geologist Ronald John Parkes, of 
Britain’s University of Bristol, studied gas hydrates in 
10,000-foot-deep water off the coast of 
Oregon. He was startled to find ten times 
more bacteria 650 feet beneath the sea floor 
than he had found on the sea floor itself. Do 
some of the huge numbers of microbes 
there break down trapped methane for food 


Jonathan Blair; NGS Image Collection 


and others recycle them back into the de- 
posit? Or both? “It’s circular and confusing 
and complex,” says Parkes. “We have to 
wonder whether bacteria play a role in feed- 
ing the deposits as well as the reverse.” 
Methane-eating bacteria may also pro- 
duce large amounts of hydrogen sulfide, 
poisonous to most creatures, but which here 
rises through faults in the hydrate to the 
ocean floor and is consumed by different bacteria. 
These include Beggiatoa, whose strands collect in 
doormat-size spreads on sediment and are visible to 
the naked eye. Carbon dioxide, another byproduct of 
methane breakdown, may also bubble up, precipitat- 
ing out as it hits open water to build wasp’s-nest-like 
carbonate chimneys that continue to vent assorted 
gases through their hollow centers. All this buildup 
may help feed the hydrate deposit by impeding the 
emergence of gas into the water, giving it time to so- 
lidify into lobes that poke directly out of the mud. 
Charles Fisher, a Pennsylvania State University 
biologist, has been studying such places—called cold 
seeps—since the 1980s. These host spectacular 
ecosystems. In the center of one in the Gulf of Mex- 
ico, a constant stream of bubbles emerges from the 






sea floor. Surrounding this is a semicircular bed of — 


giant mussels—a new species that, Fisher and col- — 
leagues have shown, thrives on methane. Since no = 
animal has evolved a way to utilize CH4 molecules — 
directly, bacteria living on the mussels’ gill filaments 
do it for them. Around the mussel bed, hundreds of | 
red-tipped tube worms six to eight feet long are an- _ 
chored to the carbonate rocks—the only solid place — 
on the muddy bottom. The worms take hydrogen — 


sulfide out of the water and pass it on to symbiotic 


bacteria in their central sacs. If not enough gas bub- — 
bles up, they send rootlike extensions of their tubes _ 


deep into the rock and sediment to seek it out. 


No one knows the extent of the cold seep’s food — 
web. Snails can be seen crawling on the mussel shells, — 


perhaps grazing on gas-eating microbes. Predatory 


starfish crack open mussels. Squat lobsters try to snip — 


off pieces of worms. Fishes cruise by. 


Not all cold-seep communities overlie hydrates— ; 






Mussels live on methane at a cold seep in the Gulf of Mexico. 


gas may bubble up directly from the depths without 7 


them—but Fisher believes that some of the most pro- 
ductive ones do. One day he arrived at a seep to find 
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that some worms and mussels he’d studied for several — 


years had fallen into a new four-foot chasm in the 


mud. He could see a glowing mass of solid hydrate 2 
inside; a chunk had decomposed, blowing away part : 
of the creatures’ home. Despite this occasional un- 


happy ending, cold seeps are relatively stable places. 2 
Growth-rate studies show that mussels and tube — 
worms can live a long time—more than 100 years in — 


the case of the worms. In some mussel beds, thick 


layers of predecessors’ shells and remains suggest the — 
communities have lasted hundreds, perhaps thousands — 
of years—ancestral villages rich with clues to past ma- _ 


rine environments, climate, and geology.—K., K. 








levels. This would have decreased pressures at the sea 
bottom and caused built-up hydrates to decompose— 
perhaps triggering the unexplained temperature spikes 
that follow most cool periods. 

‘However, changes in temperature, not pressure, 
might also release hydrate masses in sufficient quanti- 
ties to change climate. Ian MacDonald, an oceanogra- 
pher at Texas A&M University, is examining whether 
local temperature changes in Gulf of Mexico currents 
cause gas hydrates to quickly form and decompose on 
the ocean floor. German researchers have studied 
plumes of methane gas rising from the water off the 
northern coast of Norway—the result, they believe, of 
seasonal temperature variations that warm currents and 
cause gas hydrates to decompose. They warn that fur- 
ther warming may create unpredictable currents that 
could set off a widening gyre of such decompositions 
by sending more methane into the atmosphere. James 


Russia, South Korea, Indonesia, Britain, and Germany. 
Indian scientists also have consulted with the USGS 
about exploring their country’s continental margins. 
(So far, the main interest of U.S. companies in hydrates 
has been the possible danger. Occasionally, when 
crude petroleum is pumped through pressurized 
pipelines in cold climates, there is enough water and 
methane in the mix to form hydrates, which can plug 
the line. When dislodged, the plug may travel at the 
speed of a bullet, causing pipes to rupture or explode, 
and sometimes killing workers.) 

The U.S. Navy also has shown interest. Hydrates 
change the acoustics of ocean bottoms in ways that can 
distort sonar signals used to track submarines. Accord- 
ing to unclassified documents, researchers from the 
Naval Research Laboratory have been towing a new, 
2,000-foot-long, deep-sea seismic apparatus over sus- 
pected hydrate sites to make better maps of them. 


Anaerobic bacteria break down organic matter, producing methane for hydrates. 


Kennett, an oceanographer at the Marine 
Science Institute of the University of Califor- 
nia at Santa Barbara, is completing a study of 
sediments off the coast of California; it sug- 
gests that in the last 70,000 years, warm local 
waters have repeatedly caused large hydrate 


David Lindroth; after Keith Kvenvolden, USGS 


decompositions, which are associated with 
global warmings. 

Of course, what exploration companies 
and governments want to know about hy- 
drates is whether they can be exploited for 
energy. U.S. companies have considered 
pumping hot water or chemicals into deposits 
to destabilize them, but no one has actually tried. Con- 
ventional gas deposits from Appalachia to Texas are still 
plentiful and easier to get at than hydrates buried under 
sea floors or permafrost. Japan, however, imports 95 
percent of its natural gas and pays three times more for 
it than the United States does. In 1995 the Japanese 
government and a consortium of ten companies 
launched a five-year plan of exploration and extrac- 
tion. Preliminary surveys indicate substantial hydrate 
deposits off Japan’s coasts. Hydrates may become “one 
of the most important domestic energy resources left 
around Japan in [the] twenty-first century,’ Yoshihisa 
Okuda, of the Geological Survey of Japan, told an in- 
ternational hydrate conference last year. USGS officials 
have agreed to allow Japan to drill two prototype wells 
on the hydrate-rich north slope of Alaska in 1998 in 
return for some usually proprietary Japanese techno- 
logical data; and they have met with delegations from 





Scientists are even looking to other planets. Based 


on pressure-temperature calculations, among other ev- 
idence, hydrates of carbon dioxide, methane, nitrogen, 
and ammonia are thought to make up some of the ge- 
ology of icy moons orbiting Saturn, Uranus, and Nep- 
tune. They may exist on Mars. The earthly relevance: 
Our planet may have started out as a barren core of 
iron and silicate with no atmosphere, like a house 
without furniture. That’s where the hydrates come in. 
They are good at trapping all kinds of molecules. Some 
scientists believe they are what comets are made of. 
Earth may have gotten some of its water, carbon com- 
pounds, and nitrogen—building blocks of life—when 
comets rained them down in hydrates, which then 
broke up into gases and water. The hydrates under the 
earth today are likely to remain as mysterious as these 
possible ancient ones. For now, we can only capture 





them briefly before they fizzle and disappear. O 


Hydrate maps include 
inferred as well as 
known deposits, 
reflecting the still early 
stage of hydrate 
geology. Most hydrates 
are on the edges of 
continents in ocean 
settings (purple 
circles) and in 
permafrost (red 
diamonds). 








Last year, parasitic mites and harsh winter weather eliminated 80 percent of the 





honeybee colonies in some parts of the country. 


Story by Sue Hubbell 
Photographs by Gary Braasch 


When European settlers arrived on the shores of 
North America in the seventeenth century and discov- 
ered to their dismay that there were no honeybees 
here, they set about importing them. Never mind that 
more than 3,500 species of native bees were buzzing 
about, energetically pollinating the native plants and 
the few crops—including squash and beans—grown by 
the people the settlers called Indians. Those bees do 
not produce useful amounts of wax or honey. Only 
honeybees do that, and without them the settlers 
lacked good-quality wax with which to make candles 
to light their dark days and darker nights and had to 
make do with myrtle wax or tallow from beef or deer. 
Without honeybees, they also lacked the major ingre- 
dient of mead, an alcoholic drink made from fer- 
mented honey and water. And last of all, they had no 
honey to sweeten their food. 

The early settlers weren’t interested in the pollina- 
tion work that the native bees—or even honeybees— 
could do because they weren’t aware of it. The role of 
insects in botanical fertilization was not clearly known 
until the late 1700s, long after the first recorded impor- 
tation of European honeybees (Apis mellifera) to this 
continent. That report appears in a letter dated 1621 
and written in the English office of the Virginia Com- 
pany: “wee have by this shippe sent . . . fruit trees, as 
also pigeons . . . and bee hives . . . the preservation and 
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Opposite: After hitching 


a ride on an adult 
honeybee, a parasitic 
mite (ticklike creature 
attached to the bee in 

the center of the 
photograph) will 
transfer to a brood cell 
and feed on the bee 
larva inside. 





increase hereof wee recommend unto you.” If these 
bees survived the ocean voyage (of which there is no 
record), they would have prospered in Virginia and 
could have been the origin of swarms that spread west- 
ward in the following years. Sometime between 1630 
and 1663, honeybees were also brought to New Eng- 
land to brighten the lives of colonials there. 

By 1800, swarming feral honeybees, nesting in tree 
hollows, had reached the Mississippi. In the 1850s, the 
bees were brought by ship to the West Coast, where 
their population was soon increased by bees carried 
overland by settlers, who kept them in cramped hives 
inside hollow logs. During the next half century, with 
the invention of better beekeeping equipment and the 
development of an industry to manufacture and sell it, 
honeybees, both feral and cared-for, were to be found 
throughout the United States. 

Once the honeybees’ role in pollination had been ~ 
added to the list of their known virtues, farmers began 
setting out hives in orchards to increase fruit yield. But 
it wasn’t until the present century, as agribusiness trans- 
formed farming in many parts of the country, that 
honeybee pollination services became a business as 
well. Tractors powered by internal combustion engines 
(already in use by the late 1800s) and the caterpillar 
tread (used in World War I tanks) may have given 
large-scale agriculture a push. The shortage of men to 
do heavy hand labor during World War II, the design 
of ever-more sophisticated farm machinery, and the 
development of pesticides all contributed to dramatic 


Trouble with 


nHoneybees 








Imported in the 1600s to provide colt with honey and candle wax, honeybees a! 


changes in American agri- 


culture. Farms became 
bigger, and machines took 


hard 
labor. Large plantings of 


over much of the 
single crops—monocul- 
ture—became the rule. 
Beekeepers learned to 
take advantage of both 
and the 


growing agricultural need 


mechanization 
for pollination, and once 
again, the bee of choice 
was the honeybee. Many 
crops, especially those cul- 
tivated on a large scale— 
alfalfa 


anges——are not native to 


such as and or- 
North America and may 
have bloom times that are 
with the 
population peaks of the in- 


more in sync 
troduced honeybee than 
with those of native spe- 
cies. In addition, most na- 
tive bees fly no farther than 
100 to 200 yards from their 
nests and have solitary 
nesting habits that make 
them harder to manage. 
Grouping four or five 
hives of honeybees on a 





White Man’s Fly 


pallet, modern beekeepers 
use forklifts and boom 
loaders to load and unload 
pallets from trailers, truck 
them from place to place as 
different crops come into 
bloom, and move on be- 
fore the fields are sprayed 
with insecticides. The fee 
they receive for this service 
has become a more impor- 
tant source of income for 
some beekeepers than has 
honey. In recent decades, 
easily managed 
bee—the alfalfa 


leaf-cutter bee—has come 


another, 
exotic 


to play a significant role in 
commercial _ pollination, 
particularly of alfalfa. To- 
gether these two intro- ~ 
duced bees account for 
about 90 percent of 
agribusiness crop pollina- 
tion in the United States. 
But now, the honey- 
bees on which we have be- 
come so dependent are in 
trouble. In the spring of 
1996, almond growers in 
California were advertising 
that they would pay $34 


The story is often told by those who write about bees—I’ve 
told it myself—that North American Indians called honeybees 
“the white man’s fly” because the bees, swarming ahead of the 
settlers, often invaded Indian lands before the pioneers. The 
phrase is always in quotes, as though it were a translation from 
some Indian language. It is a quotation, but from a literary 
white man, perhaps inspired by another literary white man, no- 
toriously unreliable and romantic in his Indian lore. 
In an 1879 essay on bees, John Burroughs wrote: 


The Indian regarded the honey-bee as an ill-omen. She was the 
white man’s fly. In fact she was the epitome of the white man 
himself. She has the white man’: craftiness, his industry, his 
architectural skill, his neatness and love of system, his foresight; and 
above all, his eager, miserly habits. The honey-bee’s great ambition 
is to lay up great stores. 


Burroughs’s metaphor—white man’s fly—may have been 
inspired by a reading of the 1855 “The Song of Hiawatha,’ by 
Henry Wadsworth Longfellow. In this poem, the author's noble 
hero recites a dream he had about honeybees and plantain (an 
introduced European weed he called by the common name, 
white man’s foot) to foretell the coming of whites. Hiawatha 
recommends that the whites be received with Christian resigna- 
tion and then makes his lugubrious exit by canoe into the sun- 
set. Of the white men, Hiawatha said he dreamed: 


Wheresoe’er they move, before them 
Swarms the stinging fly, the Ahmo, 
Swarms the bee, the honey-maker; 
Wheresoe’er they tread, beneath them 
Springs a flower unknown among us, 


Springs the White-man’s Foot in blossom. SUH, 


per colony for beekeepers 
to bring honeybees to their 
trees. This is up from the 
$22 per colony that bee- 
keepers were charging in 
the 1980s. In Maine, it was 
hard to find honeybees at 
any price last year. 

Like all animals, hon- 
eybees get sick and have 
parasites, but over the 
years, beekeepers had 
learned how to help their 
bees stay healthy. Once a 
disease or pest takes hold in 
any large population, how- 
ever, it can spread rapidly. 
In the last fifteen years, two 
particularly devastating 
species of parasitic mites 
have shown up in Ameri- 
can hives. One, Varroa ja- 
cobsoni, parasitizes bee lar- 
vae; the other, Acarapis 
woodi, infests the trachea of 
adult bees. 
have been far from perfect; 


Treatments 


Vv jacobsoni has begun to 
show resistance to the 
chemical American bee- 
keepers have been using to 
fight it, and breeders have 
so far failed to develop a totally mite-resistant bee. 

Rough estimates suggest that last year the mites, to- 
gether with harsh winter weather, may have eliminated 
80 percent of the honeybee colonies in some parts of 
the country. In the part of the Ozarks where I kept 
bees for twenty-five years, only a few hives, and appar- 
ently no feral honeybees, survive. Ten or twelve years 
ago, it was the rule of thumb in this part of southern 
Missouri that there were approximately as many feral 
honeybees—living in tree holes and under the sides of 
abandoned buildings—as hived ones, and that the feral 
bees, along with native bees, were doing a lot of polli- 
nation for free. 

In Missouri, where farming is a matter of raising 
cattle, a nice stand of white clover in a pasture is appre- 
ciated. There are also a few orchards in the state. Today, 
farmers tell me that their white clover and fruit are the 
poorer for the lack of honeybees. In talking to other 
beekeepers and researchers around the United States, I 





Above: Beekeepers use 


smoke to make 
honeybees easier to 
manage. “Thinking” they 
must flee their burning 
home, the worker bees 
rush to eat as much 
stored honey as they 
can, and a bee witha 
full stomach is a calm 
bee. Opposite: 
Researcher Suzanne 
Batra, top, inspects a 
polyester bee on a tulip 
tree flower. The 
underground brood cells 
of these bees, bottom, 
resemble little plastic 
bags. 


how responsible for most agribusiness crop pollination in the United States. 


frequently hear the same 
story. Many beekeepers, 
discouraged by the ex- 
pense of replenishing their 
stocks of bees each spring 
and the growing inutility 
of antimite treatments, are 
leaving the business. 

The 
completely bleak, how- 


picture is “not 
ever. Scientists are working 
hard to understand the life 
cycles of the parasitic mites 
and to develop mite repel- 
lents and pesticides. Some 
biologists are hopeful that 
bee be 
brought into play—per- 
haps bees can be bred that 
will get rid of the mites by 


behavior can 


grooming one another or 
by 
pupae from the colony. A 


removing infected 
of mild winters 
might also help the bees 
survive future mite attacks. 


series 


Meanwhile, researchers 
are beginning to take con- 
siderable interest in both 
our native bees and a 
handful of species im- 
ported as crop pollinators. 
Now there is a fledgling industry in these bees—called 
pollen bees to distinguish them from honeybees. 

Unlike the social honeybees and, to a lesser extent, 
bumblebees, which nest in large colonies and divide 
themselves up into castes, each with a different job to 
do, most of North American native pollen bees are 
solitary. Each mated female solitary bee makes her own 
nest—with about ten brood cells—in a hole in the 
ground or, depending on the species, in a stem, post, 
or rotting tree. She builds her nest brood cell by brood 
cell, provisioning each cell with a mixture of nectar 
and pollen, laying a single egg in it, and then sealing it 
off before moving on to make the next one. 

Solitary bees range widely in size: the smallest 
North American species, Perdita minima, is about the 
size of a fruit fly; tropical carpenter bees may reach an 
inch and a half in body length. Many are generalists; 
some are specialists: squash bees, a species of miner 
bee, work American native gourds; another kind of 
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wild 


bee 


morning glories; an oil bee 


miner prefers 
of the genus Macropis loves 
the oil of lysimachia, wild 
yellow loosestrife (oil bees 
mix plant oils, not nectar, 
their 
young); and some night- 


with pollen for 


flying sweat bees pollinate 
evening primroses. 
One question of inter- 
st to many researchers 
today is how the native 
pollen bees may have been 
affected by human activi- 
ties—especially those asso- 
ciated with agriculture— 
and by competition with 
the honeybees. I asked 
Charles Michener, of the 
University of Kansas, the 
grand old man of Ameri- 
can bee and pollen studies, 
what he thought. “Well,” 
he said, “disturbed land 
and bare ground created by 
humans are better for wild 
bees than undisturbed, 
wooded land. Bees like 
open, sunny places.” 
Michener added that in 
1983, some of his students 
compared disturbed land near Lawrence, Kansas, with 
pristine areas nearby and found not only more individ- 
ual bees on the former but also more species of bees. 
And he cited an unpublished 1972 study by the Illinois 
Natural History Survey, which found the same 220 
species of bees living in an area near Carlinville, Illi- 
nois, that had been there in the early 1900s. Michener 
cautions, however, that this was a study of a single, 
small area, and that the original data were collected 
long after the introduction of honeybees. He also 
makes the point that it is difficult to come up with an 
accurate assessment of the effect that humans and im- 
ported honeybees have had on native species without a 
census of the number and diversity of bees before set- 
tlers arrived. “Very little work on this important matter 
has been done, except in Australia’ he said. “David 
Roubik also has some data from South America.” 
The Australian work, I discovered, suggests that 
honeybees, which were introduced to that continent 





Pollen is caught in the 
ridged hairs, top left, of 
a leaf-cutter bee and 


the feathery hairs, top 
right, of a sweat bee. 
Above: Female 
bullheaded mason bees 
seal off the entrances to 
their cardboard-tube 
nests, after filling them 
with brood cells made 
of mud and bits of 
leaves. Sometimes 
mistaken for bees, 
hoverflies, opposite, 
have only one pair of 
wings and are much 
less effective 
pollinators. 


earchers are taking a closer look a 


150 years ago, may displace 
native pollinators—birds as 
well as bees—from flowers. 
Honeyeaters, for example, 
birds with long, slender 
bills, 
often when honeybees 


visited flowers less 


were active and tended to 
concentrate on those flow- 
ers least used by the hon- 
eybees. Meanwhile, some 
studies suggest that the in- 
troduced honeybees do 
not always pollinate native 
plants effectively, which 
may lead to the production 
of fewer fruits. 

I reached Davad 
Roubik at his office in 
Panama, where he is a sci- 
entist with the Smithson- 
ian Tropical Research In- 
stitute. “I’ve studied bees 
in Mexico, Panama, and 
French Guiana,” he told 
“and have good data 
on the population dynam- 


me, 


ics of native bees for seven- 
The situation 
is complicated in the Trop- 


teen years.” 


ics by the presence of na- 
tive bees that, like honey- 
bees, produce and store honey. There are also hundreds 
of thousands of flowers for the bees to visit. Roubik 
suggests that the honeybees may be able to outcompete 
the native bees (both honey producing and solitary) 
because they forage over greater distances and, if nec- 
essary, can move their colonies. Roubik adds, “It is in- 
teresting to note that there are fewer bee genera in the 
Old World, where honeybees have been for a long 
time, than in the New World, where they have been 
for only a short time.” 

Suzanne Batra, bee scientist with the U.S. Depart- 
ment of Agriculture, offers a different explanation: “T 
think the different number of genera reflects past cli- 
matic differences. While it is reasonable to think that 
exotic honeybees will compete for pollen and nectar 
with native species, there are as yet no hard data, and I 
am not convinced that competition is as important as 
some people think it is.” I visit Batra, a vibrant woman 
with her hair in a single long braid, at her office in 


orth America’s 3,500 species of native bees—as well as a few imported varieties. 





g new insect species into the Americas, wou 








ke pollination research 


Beltsville, Maryland. A 
field biologist with much 
experience studying pollen 
bees in Asia, where several 
native species of honeybees 
are abundant, she is impa- 
tient at being held inside 
on rainy day. Her room is a 
zestful clutter of files, mag- 
azines, technical papers, 
cartoons, and photographs. 
Stacked papers threaten to 
swamp the postage-stamp- 
size open space on her 
desk. From one stack, she 
pulls out a diagram from a 
population study on a 
wide variety of species of 
East Coast pollen bees and 
shows me that their num- 
bers are high very early in 
the springtime, when they 
emerge, mate, provision 
their nests, and lay their 
eggs. The adult population 
plunges by late May, just as 
the dense forest canopy 
leafs out, most forest flow- 
ers finish blooming, and 
honeybee 
building, indicating that 
they do not feed on the ss 
same flowers. Currently, Batra is working with a spe- 
cies of ground-nesting Andrena bees that are important 


numbers are 


a 


ing wildflowers. These native bees are so tolerant of 
the cold that they emerge from their nests as the snow 
melts in February, long before other, warmth-loving 
bees are able to fly. 

Further evidence that native bees can hold their 
own against honeybees comes from random samples 
Batra and Edward Barrows, of Georgetown University, 
took in some West Virginia woods in 1991. The year’s 
catch turned up only 34 honeybees and 1,701 native 
pollen bees. The proportions were similar in 1992 and 
1993 catches. Recently, Batra has also taken random 
samples near her laboratory in Maryland, where there 
are numerous, healthy honeybee hives (part of the De- 
partment of Agriculture’s research on the troublesome 
mites). Even there, of the bees caught in sweeps around 
fruit trees and blooming wildflowers, only about 10 
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Above; Sun hat, net, 


and collecting bag are 
pollinators of red maples, pear trees, and early-bloom-_ all Suzanne Batra needs 


for a day's work. 
Opposite: Related to 
carpenter bees, 
Ceratina pollinate 


dandelions and many 


garden flowers. 


restricted to native bees. Others see no reason for alarm. 


percent are honeybees; the 
rest are all pollen bees. 

Batra points out, how- 
ever, that native bees in 
other environments may 
be more vulnerable to 
competition with honey- 
bees if they are more abun- 
dant. One experimental 
study in Arizona, con- 
ducted by ecologist 
William Schaffer and ento- 
mologist Stephen Buch- 
mann, both of the Univer- 
sity of Arizona, suggests 
that honeybees can have a 
significant, adverse effect 
on native pollinators of 
shindagger, a native species 
of century plant. 

Until more data are in, 
Batra, for one, does not see 
cause for undue alarm on 
the subject of honeybee— 
native bee competition. 
She also agrees with Mich- 
ener that humans have 
made good habitat for na- 
tive bees by clearing the 
land and opening up the 
dense forests that originally 
Me = covered much of eastern 
and central North America. In addition, crops and or- 
namental plants in medium-size clearings and mead- 
ows have given the bees new sources of food. But, she 
adds, some agricultural practices, especially those asso- 
ciated with large-scale agribusiness—such as the elimi- 
nation of hedgerows, irrigation (which floods the cells 
of ground-nesting bees), and the use of insecticides— 
may prove harmful to our native bees. “Some species 
have benefited from us; some have not,” she concludes. 

Batra hopes that the more that researchers and 
farmers learn about pollen bees—native and im- 
ported—the more they will want to employ them, and 
that with greater commercial use may come changes in 
agricultural practices beneficial to the bees. She shows 
me the plastic nest boxes now being sold for keeping 
one familiar pollen bee—the bumblebee, which some- 
times out-pollinates the honeybee ten to one. For 
some crops, such as red clover, bumblebees are the 
most important pollinator. The nectar-bearing part of 








Some bees may visit more than 
the red clover blossom is 
too deep for a honeybee’s 
tongue; the bigger bum- 


blebees 
tongues and happily apply 


have _ longer 
themselves to the blooms. 
Several challenges remain, 
however, before bumble- 
bee pollination can be- 
come commercially eco- 
nomical outside of the 
Bumblebee 
colonies do not endure 


greenhouse. 


from year to year; they are 
tricky to raise artificially 
and, although costs are 
coming down, currently 
expensive for farmers to 
bring to their fields. 

At last the rain breaks, 
and Batra takes me outside 
to show me a few of the 
other species that show 
promise as agricultural pol- 
linators. Some, like the 
shaggy fuzzyfoot bees nest- 
ing in dry adobe blocks 
near her lab, are imported. 
About the size of honey- 
bees but fatter and darker, 
these Japanese bees (Antho- 
pora pilipes villosula) are ac- 
tive and fast flyers on this cool, gloomy day, which is 
too inclement for honeybees and native bees. Nearby, 
Batra and I look at nest setups for some other species: 
drilled slabs of wood, looking like giant cribbage 
boards, for alfalfa leaf-cutter bees; bent cardboard tubes 
for a variety of mason bees. Then we walk down a 
woodland path to see the ground nests of what Batra 
has named polyester bees. To keep their brood cells 
from getting damp, the three species of native polyester 
bees nesting in the sandy soil beside the path water- 
proof their cells with a thin transparent film, made 
from polyester, which they secrete from a gland in the 
abdomen. The weather today has kept these bees in- 
side their closely grouped nests, but a few have been at 
work carrying grains of sand to the surface and arrang- 
ing them around their holes. When we return to her 
office, Batra shows me a liner she excavated from a 
polyester bee cell. With an extra flap on the top, with 
which the female closes the cell after she has laid her 
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Sweat bees—many just 


a quarter of an inch 
long—can carry 
impressive amounts of 
pollen, above. Opposite: 
A Lasioglossum sweat 
bee forages on a privet 


blossom. 





300,000 flowers during their brief adult lives. 


egg, the transparent liner 
looks for all the world like 
a Ziploc bag. 

The 
other native ground-nest- 


polyester and 
ing bees contribute greatly 
to the pollination of both 
wild plants crops 
grown on small farms and 


and 


in home gardens, but they 
are difficult to manage on 
the 
agribusiness. They can sel- 


scale required by 
dom be attracted to artifi- 
cial nesting spots, and it 
would require a great deal 
of hand labor to go about 
with a shovel digging up 
their nests. But research 
goes on, with some no- 
table successes. Growers, 
for example, have managed 
to establish beds of a spe- 
cial soil that is acceptable 
to the ground-nesting al- 
kali bee, which is some- 
times used for alfalfa polli- 
the West. 
Unfortunately, their suc- 


nation in 
cess has led to new prob- 

lems: the unnaturally dense 

populations of alkali bees 

nesting in these beds have proved especially vulnerable 

to their natural enemies, which include fungi, other 

microorganisms, and parasitic insects. 

Partly because of the difficulties of “domesticating” 
our native solitary bees, Batra sometimes chafes under 
the recent regulatory climate that restricts her experi- 
ments with selected, manageable, imported pollen 
bees. Some scientists, worried about possible negative 
effects of introduced bees on native species, would like 
to see the research limited to native species. Batra’s 
work is to develop a stable of bees that are inexpensive 
and easy to manage, and she suspects that some of the 
best candidates may come from other countries, where 
our major agricultural crops come from as well. “Some 
people have a prejudice against exotics,” she says. “It is 
an anti-immigrant feeling. But, after all, most of our 
crops, livestock, and we ourselves are exotics, and hon- 
eybees were also imported. I think there is a need, and 
room, for many kinds of helpful bees.” oO! 
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About 85 percent of North America’s native bees lead solitary lives, nesting i 


Most of North America’s 3,500 species of bees go un- By Suzanne Batra 


noticed, primarily because people expect all bees— 
apart from the big, conspicuous bumblebees and car- 
penter bees—to resemble the familiar honeybee. In 
fact, many are smaller, looking more like wasps, fuzzy 
flies, or flying ants than honeybees. Their behavior, 
more than their appearance, is what gives them away: if 
you see an insect on a flower deliberately packing 
pollen onto its hind legs or under its abdomen, it’s 
bound to be a bee. 

Once you know what to look for, the abundance 
of bees can be impressive. On a warm day in June, a 


Gary Braasch 
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young mated queens survive the winter to start new 
colonies in the spring. Some species make no nests but 


nstead, like cuckoos, lay their eggs in the nests of other 


— 


umblebees. 

Ever since methods of keeping bumblebee colonies 
year-round were developed ten years ago, the business 
of raising these bees—which are in demand to polli- 
nate valuable greenhouse-grown crops—has been 
thriving in several countries. Bumblebees adapt to 
being confined inside a greenhouse, while honeybees 
try to get out, banging against the glass ceiling and 
generally winding up dead on the floor. Another com- 


typical backyard garden in the northeastern United mercial advantage of bumblebees is that they can polli- 


States may contain some thirty species and hundreds of 


Honeybee 
_ hate certain plants, such as hothouse tomatoes, very 





individuals. Native bees (primarily the females, with a s fast, vibrating their bodies so rapidly that they literally 


o 
[oj 


little help from the males) and other flower-visiting in- 
sects can usually meet the pollination needs of gardens 
and most small farms. Agribusiness, in contrast, de- 
pends on the use of additional pollinators, traditionally 
the introduced honeybee. With the recent, devastating 
decline in honeybee numbers, however—and the 
growing recognition that for some crops, other bees 
may do a better job—researchers are looking at other 
species, now commonly referred to as pollen bees. 

Several factors are critical for developing a bee into 
a manageable pollinator for agribusiness crops: it must 
be willing to nest under crowded conditions with oth- 
ers of its kind; its brief adult life, which lasts just a few 
weeks, must coincide with the flowering of the crop 
plant; it must prefer the crop flowers to those of other 
plants so it won't wander away; its foraging style and 
body shape should result in efficient cross pollination; 
it must be able to raise its brood on the nectar and 
pollen produced by flowers; and its natural enemies 
must be controllable. 

Whatever their commercial prospects, of course, all 
pollen bees are vital members of their natural habitats 
and deserve protection. 


Bumblebees These big, fuzzy bees (genus Bombus, 
with forty-six species in North America) are important 
pollinators in cold climates. Most are social, forming 
small colonies with queens and workers and often nest- 
ing underground in abandoned mouse nests. Only 
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Carpenter bee 


sch 





= “buzz” the pollen out of the flowers. 


Carpenter bees Big and solitary, carpenter bees 
(genus Xylocopa) resemble bumblebees but are not 
closely related to them. Most are tropical; only eight 
species live in North America, where they pollinate 
many wildflowers and crops. The flowers of passion- 
fruit (including the North American maypop) are 
_ structurally adapted for pollination by the big carpen- 
ter bees; smaller bees simply fail to trigger the flower’s 
pollination mechanisms. Plants of horticultural interest 
pollinated by carpenter bees include our native catalpa 
trees and wisteria, which is native to China and Japan. 

Male carpenter bees maintain territories around 
nests and flowers, where they hover, occasionally dart- 
ing away to fight with an intruding male or to pursue a 
female. Mated females make their brood cells inside 
tunnels that they chew in soft, dry woods and often— 
unfortunately—houses. (Their nests are easily recog- 
nized by the neat round hole at each entrance; reaming 


= and plugging up the holes may encourage the bees to 
nest elsewhere.) Sometimes, young adult daughter bees 


stay in their natal nests with their mother for a while, 
suggesting that, given enough time, these bees might 
evolve into social species. 

Mason bees About 140 species of these solitary bees 
live in North America, primarily in the West. Most are 
blue or green in color and are active in spring. Females 
carry pollen beneath their abdomens, instead of on 
their hind legs as most bees do. Mason bees (Osnria) 


Pe, 


€ ground, hollow plant stems, holes left by other insects, or wooden buildings. 


nest in preexisting holes—both natural ones made by 
beetles or other insects and artificial ones, such as nail 
holes. Their brood cells, made of mud and sometimes 
masticated leaves, are lined up in the holes. Several spe- 
cies of mason bees have been used to pollinate fruit 
trees and have proved very efficient: three or four fe- 
males per tree will suffice. Also efficient and easy to 
care for, the hornfaced bee (O. cornifrons) has been used 
for about sixty years to pollinate apple trees in Japan, 
where it is often preferred over the honeybee. 
Leaf-cutter bees These solitary, usually grayish bees 
(Megachile) live worldwide, with about 120 species in 
North America. Most are active in midsummer. Like 
mason bees, they usually nest in preexisting holes and 
carry their pollen loads under their abdomens. Their 
brood cells are made of bits of leaves and petals, cut by 
the nesting female. Agriculturally, the most important 
is the introduced Eurasian alfalfa leaf-cutter bee (M. ro- 
tundata), raised by the millions to pollinate alfalfa, the 
United States’ most valuable livestock forage crop. 
Mining mud bees About sixty species of these ro- 
tund, fast-flying, solitary bees (Anthopora) are found in 
North America, mostly in the West. The females usu- 
ally dig their nest tunnels in the dry clay of cliffs and 
adobe walls. Some species make a hollow chimney of 
dried mud that conceals the nest entrance. After mak- 
ing each brood cell out of mud, the female lines it with 
a fatty material secreted from a large gland in her ab- 
domen. She adds this energy-rich, fatty substance to 
the nectar and pollen she provides for the larvae. To 
meet her own high energy needs and those of her 
brood, a female mud bee may visit 337,000 flowers 
during her six-week-long adult life (during the same 
time period, an individual honeybee might visit per- 
haps one-tenth as many flowers). Whether zooming 
from flower to flower or hovering in front of one while 
probing for hidden nectaries with their long tongues, 
these bees are reminiscent of hummingbirds and hawk- 
moths. Two mining mud bees—A. abrupta and A. 
pilipes villosula—are now being tested as possible polli- 
nators of fruit crops. 

Polyester bees These solitary bees (Colletes) dig nests 
and cavities for brood cells in the ground, then line the 
cell cavities with an abdominal secretion that solidifies 












Mining mud bee 


Polyester bee 









Digger bee 


Sweat bee 





ig to form a transparent, waterproof, polyester mem- 


@® brane. Nests may be close together, numbering in the 


housands in some locations. About one hundred spe- 
ies of polyester bees—each with its own flower pref- 
rences—live in North America; some are excellent 





= : . : : 
@~ blueberry pollinators. As yet, there is no commercial 
pe eg 


enue eee use of polyester bees, but preliminary trials suggest that 
Leaf-cutter bee iad P — ee 


they could be induced to nest in artificial “bee beds.” 
. Digger bees With some 500 species in North Amer- 
ica, and many more elsewhere in the Northern Hemi- 
s sphere, these usually drab and small solitary bees (An- 
drena) are rarely noticed but may be our most abundant 
bees. Digger bees make burrows and cells underground 
and often hide the entrances to their nests beneath leaf 
litter or in grass to evade their many enemies, which 
include parasitic flies and cuckoo bees. 
Most digger bees are active in spring, when they 

pollinate various wildflowers, trees, and fruit crops. 
‘ They are especially valuable in orchards because they 
s carry large, loose loads of pollen, which are spread 
widely among the flowers as the bees fly from tree to 
tree. These bees are very vulnerable to agribusiness 
practices such as irrigation, clean cultivation, and pesti- 
cides. So far, efforts to manage them have failed, and 
the best way to preserve them—and continue to reap 
_ the benefits of their pollination services—is to preserve 
: wild land (around orchards, for example). 
= Sweat bees These small bees get their common name 
from their attraction to hot, salty perspiration. When 
they land on human skin, they walk around, licking 
and tickling. Brushed away, they return; swatted, they 


| sting. Sweat bees (several genera in the family Halicti- 


dae) live worldwide, with about 500 species in North 
America. They are usually dark, although some species 
are bright green. Most nest underground, often with 
many nests in one small area. 

Sweat bees are unusual because, depending on the 


= species, they may either be solitary or have various co- 
$ Operative nesting arrangements, including nests with 


more than one queen and up to hundreds of workers. 
Cuckoo sweat bees lay their eggs in the nests of others. 
The alkali bee (Nomia melanderi), a turquoise-banded 


F solitary species, is used commercially to pollinate alfalfa 
~ in the West. O 


of Pollination 
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Vernal pools are here today, gone tomorrow, and back again next year. 


By Mark PR DesMeules and 
Philip Nothnagle 
Photographs by Gustav W. Verderber 


Equipped with rain gear, headlamps, and 
hip waders, we walk through the Ver- 
mont woods on a dark, rainy night in late 
March. The air temperature is about 
forty-five degrees, and ground fog gathers 
in low places, helping to melt the patches 
of snow that remain from winter. We hear 
the call of a spring peeper and are startled 
by a bolting deer, then pause when one of 
our headlamps lights up the wet ground: 


three glistening salamanders are methodi- 





cally walking ahead of us on the forest 
floor. About ten inches long, these pur- 
ple-black creatures splotched with large 
yellow spots are rarely seen in daylight. 
They are moving slowly, joining others of 
their kind in a trek to their ancestral pond 
to breed. 

A few yards ahead, we hear the cack- 
ling of wood frogs amid some hemlock 
trees, then arrive at a pool some forty feet 
long by forty feet wide and three or four 
feet deep. Dozens of yellow-spotted sala- 
manders are resting on its leaf-covered 
bottom. On the surface, others are swim- 


ming in spirals, some nudging or clasping 
a mate. The annual congress at the vernal 
pool is in session. 

Fed by snow and winter rains, vernal 
pools fill when spring arrives, then dry up 
again by early summer. Also known as 
temporary, or ephemeral, ponds, vernal 
pools have as their primary ecological 
characteristic a certain predictable unpre- 
dictability, supporting a community of 
plants and animals that come together for 
several months each year. Although they 
attract occasional dragonfly nymphs and 
other insect predators, vernal pools are 
bereft of fishes. Therefore, they are havens 


A yellow-spotted 
salamander, opposite 
page, crosses melting 
snow to reach its 
breeding pool. In 
spring, a vernal pool 
in the woods near 
Norwich, Vermont, 
left, has filled with 
meltwaters and is 
teeming with life. 
Right: By summer, 
the same pool has 


evaporated. 


in which many small creatures can thrive 
and lay their eggs in comparative safety. 
Vernal pools are found throughout 
North America and have been reported 
from places as far afield as Spain and 
South Africa. They are usually about 
twenty-five by seventy-five feet and gen- 
erally under four feet deep, draining 
water from a surrounding area approxi- 
mately four or five times the size of the 
pool. No doubt even larger ones exist. 
For a vernal pool to form, an unusual 
combination of conditions must be in 
place. The first is a depression in the ter- 


rain with neither a permanent inlet nor 
an outlet. A source of water is necessary, 
usually from spring rains and melting 
snow. If too much water comes in, the 
pool may become permanent; if too 
much drains out, it cannot form. Finally, 
the ground must have poor drainage and 
a relatively impermeable substrate, such as 
rock, clay, or a mixture of compacted 
sand and clay, to hold the water until 
warm weather causes it to evaporate. 
Seasonal pools in every region of the 
country function in similar ways. The 
particular species that occupy the pools 


change from north to south and from east 





to west. But fairy shrimps, fingernail 
clams, and several kinds of amphibians, as 
well as a community of other tiny inver- 
tebrates (water fleas, copepods), are al- 
ways present; predatory fishes are absent. 
Thus, if the inhabitants can speed their 
development in the several weeks to a few 
months that a vernal pool exists, they will 
not have to encounter predators that in- 
habit lakes and streams. 

In a Vermont vernal pool, the flow of 
energy typically begins with detritus— 
the dead and decaying organic material 
that accumulates in standing water. When 





these leaves, twigs, and other remains 
decay, they release nutrients that feed mi- 
croscopic animals, bacteria, and algae. 
One life form becomes the basis for the 
next in these pools. 

By the time wood frogs, tadpoles, and 
the larvae of spotted and Jefferson sala- 
manders emerge from their gelatinous 
eggs, a layer of algae has already spread 
over the submerged leaves, rocks, and 
twigs. Since these amphibians begin as 
algae feeders, they have little trouble find- 
ing green pastures on which to graze. 
Fairy shrimp eggs, dormant throughout 
the winter months, hatch and release fully 
developed nauplii (free-swimming lar- 
vae). These begin their lives as filter feed- 
ers, capturing a variety of microscopic 
plants and animals in the newly filled ver- 
nal ponds. 

One amphibian predator that seems to 
have evolved to exploit the early emer- 








gence of the fairy shrimps (and some- 
times wood frog larvae) is the marbled 
salamander. Individual salamanders arrive 


and pair off in September to lay their eggs 
in the moist detritus left behind by the 
evaporated pool. The female excavates an 
oval-shaped burrow and lays approxi- 
mately 200 eggs, which (depending on 
weather conditions) may either hatch that 
fall or remain dormant until the following 
spring. The marbled salamander has thus 
been able to hedge its bets about when 
the pool fills and can generally mature be- 
fore the pool’s other amphibian inhabi- 


tants. This strategy both increases the 
availability of food and reduces the risk 
that the salamander’s larvae will end up 
stranded when the pool dries. 

Vernal pool organisms must also be 
able to survive the dry seasons of the year. 
Canadian ecologist Glenn Wiggins and 
his colleagues have identified two basic 
strategies that the aquatic creatures use to 
avoid desiccation when the pools dry: 
they must either disperse or go into a 
dormant state. Fingernail clams, snails, 
and fairy shrimps generally enter dia- 


pause, a resting stage—some as eggs, oth- 


ers as larvae or adults. Resistant to both 
drought and freezing, fairy shrimp eggs 
can remain viable for many years. Since 
the development of their eggs in vernal 
pools depends on changes in water and 
oxygen levels, fairy shrimp larvae usually 
hatch early in the season, so they can 
complete their life cycles before insect 
predators arrive. If the pool disappears, so 
will the adult fairy shrimps. 

Mayflies and midges come to the pools 
in spring to lay their eggs, then fly away; 
Mosquitoes, caddis flies, and damselflies 
deposit their eggs in the mud after the 


; 





water has disappeared. All these eggs will 
hatch into larvae in late winter and 
spring, when the pool fills. 

Amphibians, such as salamanders and 
wood frogs, disperse when the pool evap- 
orates, then return to lay their eggs in 
spring after it has filled. Spotted salaman- 
ders exhibit a remarkable fidelity to their 
breeding pools, often returning to the 
same place year after year. If their pool is 
paved over or filled in, they may not be 
able to breed at all. 

A few states, notably California and 
Massachusetts, have begun to take steps to 
protect vernal pool communities—but 
their ephemeral nature makes these little 
ecosystems difficult to identify. While a 
bog or a swamp can be easily spotted at 
almost any time of year, a dried vernal 
pool requires some expertise to locate out 
of season. (A reliable test is to sample the 
soil at a suspected depression. Most forest 


An adult yellow-spotted salamander, top 


left, perches near its cluster of eggs. A wood 


frog, far left, perches on an oak leaf amid the 


patchy ice of a vernal pool. Fairy shrimps 
and other small invertebrates, left, hatch from 
eggs that have overwintered in the mud of 
dried pools, Right: Yellow salamanders 
complete a dangerous crossing on their way 
to a pool in spring. The red streaks are the 
taillights of passing automobiles. Some states 


have provided tunnels under such roads to 


facilitate safe crossings by small animals. 


soils are gray to brown, with some reddish 
color from oxidation. Under a vernal 
pool, there is only a characteristic, anoxic 
black muck called hydric soil.) 

Defined as much by their absence as by 
their presence, vernal pools are wetlands 
that are mostly not wet: here today, gone 
tomorrow, and back again next year. Just 
as bogs and other valuable wetlands be- 
came recognized as much more than 
“swamps” and “barrens” some twenty 


years ago, so are vernal pools only now 
becoming appreciated for their ecological 


importance and richness. O 





The blues’ 
that adorn 
EXPO'98' the white. 
houses of Obidos, 
50 miles from Lisbon, 
are typical examples ; | 
of local color. 
It’s a feature beautiful 
enough to have been 1 
the inspiration behind ~& 
a few songs and-mot 
all of them sad, 
But the painting 
is only one example ~ 
of the area’s _ 


inspirational beauty. 


Flower-laden windows, & 


narrow stone streets, 
sun-drenched squares og 
and a medieval castle, 
now a magnificent 
"Pousada," 
add color too. 

_ In other regions, 
such as Alentejo, white- 7 
and-blue houses 
prevail, where they 
contrast with the 
wheat-covered plains, 
the shadowy peace 
of the holm oak trees 
and the coolness: 
of olive groves. 
Of course, it would be 
easy for us to go on. 
singing the praises 
of Portugal. 
After.a visit you ll 
be tempted to write a 
few verses of your own. 
Obidos 


EXPO.98 ¢ LISBON 
Coming, soon. 
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The thrill of discovery. Portugal 
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feeb cng = ICEP Investimentos, Comércio e Turismo de Portugal. Portuguese National Tourist Office. 
590 Fifth Avenue, 4th Floor, New York, NY 10036-4704. 
Consult your travel agent or call 1-800-PORTUGAL, 9AM - 5PM EST. 


PORTUGAL IS THE RECIPIENT OF THE 1995 ASTA/SMITHSONIAN MAGAZINE ENVIRONMENTAL AWARD. 
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new growth of needles. With dense fog, cool summers, and the 


absence of fire for nearly two hundred years, conditions had 


been ripe for an explosion of these insects. As trees died by the 


hundreds, the forest opened up, providing optimal habitat for 


white-tailed deer. Now, however, with young spruces and firs 


growing back, the deer are gradually leaving, and moose, which 


prefer dense growth, are returning. 


Also present in the forest is mountain birch, a species more 


typical of high-elevation habitats but which thrives in the cool, 


moist conditions that prevail around the Bay of Fundy. Several of 


the mountain birches we saw were dead or dying, however, 


apparently because of sensitivity to acid fog. Heavy fog 


frequently rolls in from the bay, carrying sulfurous vapor emitted 


from paper mills in Saint John, some thirty-five miles away. 
Our road ended at the mouth of the Big Salmon River. At 
the time, the waters were tranquil, but in spring, following 


snowmelt and spring rains, the river fluctuates violently, scouring 





k 
Sea milkwort, a coastal plant 





MIRGYM tla em reminiscent of 


forests in Nova Scotia, 
occupies lower elevations 
bordering the Bay of Fundy. 
Red spruce and balsam fir are 
interspersed with red maple, 
quaking aspen, American 
beech, sugar maple, yellow 
birch, and other broad-leaved 
trees. Hobblebush viburnum 
and red osier dogwood 
dominate the shrub layer, 
while on the forest floor are 
scattered plants of bluebead 
lily, Canada mayflower, 
mountain sorrel, wild 
sarsaparilla, and large-leaved 
aster. Moist areas harbor long 
beach fern, woodland 
horsetail, white turtlehead, 
snowberry, and starflower. 


the bouldery bank and the 
vegetation that grows among 
the rocks. The 150-mile-long 
Big Salmon River drops 
rapidly from highlands 1,200 
feet above sea level. Along its 
tumultuous course, 
it has carved spectacular 800- 
foot-deep canyons. 

If we could have continued 
eastward another eighteen 
miles, we would have reached 


River mouth feeteweeenye 


withstand the rush of spring 
water and the scouring of 
melting ice. Quite a few have 
the requisite resilience, 
including a wild rose, a blue 
iris, bush honeysuckle, pink 
St.-John’s-wort, and even a 
fragile-looking bedstraw. 


aides vegetation is 


dominated by spruces, firs, 
and pines. These conifers 
flourish in the thick soil of the 
ridge tops. On steep slopes, 
where less soil can accumulate, 
the rocky surface discourages 
the growth of conifers, but 
certain deciduous trees, such 
as striped maple and yellow 
birch, do fairly well. 





The Bay of Fundy near Saint Martins 


Fundy National Park, but no road traversed the wild countryside. 


We retraced our route to Saint Martins to spend the night, and 


the next day followed an inland arc of highway that led over the 
Caledonia Highlands to the park. Cloaked with conifers, the 
highlands stretch from the Saint Johns River on the west to the 
Petit River to the east. Geologists consider the highlands to be 
an isolated outlier of the Appalachian chain. 


Descending into lowland forest, we entered Fundy National 


Park from the inland side and, after about five miles, came to a 


parking area for the Caribou Plain Trail. After hiking a short 


distance on this two-mile-long path, we reached a boardwalk 


that crossed a twenty-acre beaver lake. The trail then passed 





A bog in Fundy National Park 


RUGHETIEES sampled along the 


Fundy National Park Caribou 
Plain Trail include a beaver 
lake. The exposed trunks of 


trees that have fallen in the 
water provide ideal habitat for 
myriad wetland plants. 
Common species are calla lily, 
pink St.-John’s-wort, beggar’s- 
tick (which looks like a small 
aquatic sunflower), touch-me- 
not, and a good variety of 
grasses, sedges, and rushes. 

A pocket bog contains, in 
addition to sphagnum moss, 
such plants as Labrador tea, 
leatherleaf, cotton sedge, 
dwarf cranberry, bog laurel, a 
species of pitcher plant, and 
one of dwarf rhododendron. 
Black spruces, typical of boreal 
bogs, are scattered about. Bog 
rosemary, Labrador tea, sheep 
laurel, bakeapple, crowberry, 
and two kinds of sundews are 


Barrett and MacKay Photo 





through a rather damp forest, 
over a slight rise, and dropped 
into a pocket bog, a poorly 
drained depression suitable for 
the growth of sphagnum 
(more commonly known as 
peat moss). Farther on we 
came to a large, flat opening 
with a few scattered black 
spruces. This was a raised bog, 
with plants growing on top of 
nine feet of accumulated 
sphagnum. Here and there 
were “‘flarks,” narrow rivulets 
of water where the bog was 


Sugar maples 


torn. (For more on flarks, see 
“This Land,’ April 1994.) 
Beyond the raised bog, the trail plunged back into forest, 
eventually circling back to its starting point. 

After visiting Fundy National Park, we sought out the 
gypsum-rich area near the village of Albert Mines, twenty-five 
miles to the east. This white mineral was mined for a number of 
years until it became unprofitable to do so. At one place along a 
small stream, white cliffs rise nearly one hundred feet above the 
water. Harboring some of the rarest plants in New Brunswick, 
these cliffs are protected as an ecological reserve. 

Botanist Rob Walker, recently retired from Fundy National 
Park, accompanied us and scrambled over the cliffs to show us a 
number of unusual plants. They are arctic species, widely 


Freeman Patterson; Masterfile 





distributed in New. Brunswick up until the end of the Ice Age, 
10,000 to 13,000 years ago. As temperatures rose, glaciers 
retreated, and forests developed, these plants generally vanished 
from the region and occupied more northerly zones. But because 
the crumbly gypsum cliffs discouraged the growth of trees, the 
habitat remained hospitable to these arctic plants. 


Robert H. Mohlenbrock, professor emeritus of plant biology at Southern 
Illinois University, Carbondale, explores the biological and geological 
highlights of United States national forests and other parklands. 


For visitor information write: 
New Brunswick Department 
of Economic Development 
and Tourism 

P.O. Box 6000 

Centennial Building 
Fredericton, 

New Brunswick E3B 5H1 
Canada 

(506) 453-2964 

or 

Superintendent 

Fundy National Park 

P.O. Box 40 

Alma, 

New Brunswick EOA 1B0 
Canada 


Bunchberries (506) 887-6000 








leaved fleabane, harebell, 
alpine woods fern, and other 


found in a raised bog. In the 

water of the flarks in the raised 
bog are yellow-flowered common plants. Rarities for 
bladderworts, a tiny spikerush, 


white beakrush, and three- 


this maritime region include 
dwarf mountain goldenrod, 
White Mountain avens (a type 
of Dryas), and myrtle-leaved 
willow. The goldenrod, no 
more than a foot high, grows 


way sedge. 


in only a few places in the 
Atlantic provinces. The avens 
is common in the Canadian 
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Arctic, where it is a 
component of the tundra 
flora. The willow is found at 
one location in the Gaspé 


White Mountain avens Peninsula of Quebec, as well 


CMS ke ave shallow 


pockets of soil supporting 
shrubby cinquefoil, narrow- 


as in northwestern 
Newfoundland, but its 
primary range is in 
northwestern North America. 
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Celestial Events 


The Fairest Star 


By Joe Rao 


Sixty-four years ago, one of the 
brightest stars in the sky, Arcturus, was 
used to signal the start of the Chicago 
World’s Fair. At the opening of the 
“Century of Progress” exposition, 


Arcturus’s light was focused by 


telescopes onto photoelectric cells, and 
the current that was generated switched 
on the floodlights over the fairgrounds. 
Arcturus was chosen as the “inaugural” 
star because of its distance from Earth; 
by the best estimates of 1933, it would 
have taken the star’s light forty years to 
reach Earth. Chicago had hosted the 
World’s Fair in 1893—,ust forty years 
before. And so Arcturus generated 
publicity as well—newspapers around 
the country carried the story of how the 
1933 fair would be opened by light that 


Dennis Davidson 


tay wat 


had started its journey to Earth while 


the 1893 fair was still in progress. 
In May, Arcturus sparkles with a 
golden yellow hue, well above the 





The Sky in May 

greatest western 
elongation—or distance from 
the Sun—occurs on the 22d, 
. but the planet will be too low 
in the sky to be easily seen. 


is difficult to find for 
most of May. Early in the 
month, it is too close to the 
Sun to be seen, setting less 
than an hour after sunset. You 
might be able to spot it, to the 
lower right of a very young 
crescent Moon, right after 
sunset on the evening of the 
7th. Otherwise, wait until the 
end of the month, when it can 
be more easily glimpsed low 
in the west-northwest just 
after sunset. 





eastern horizon. A huge star, it is about 
25 times the diameter of the sun and 
possibly 100 times as luminous, but it is 
not nearly so hot or so dense. Locate it 
by means of the simple mnemonic 
“follow the arc to Arcturus.” Follow the 
curve of the Big Dipper’s handle, 
continuing in the same arc, about the 
length of the dipper itself and you will 
come to Arcturus. 

Arcturus is the brightest star in the 
constellation Bootes, the Herdsman, 
who in early atlases was pictured as 
pursuing the Great Bear (Ursa Major) 
around the pole of the heavens. It may 
be easier to imagine the constellation as 
a large kite outlined by stars, with 
Arcturus at the point where the tail 
would be attached. 

(A footnote to the story: today’s 
more accurate measurements place the 


distance of Arcturus at 34 light-years.) 


Follow the arc of the Big Dipper to find golden 


constellation Boétes. 


is the only bright 
planet prominently placed in 
the evening sky. Look for it 
near the Leo-Virgo border. It 
is on the meridian as twilight 
ends, and it sets during the 
early morning hours. Mars 
continues to fade as Earth 
leaves it behind. On the 1st, it 
gleams at —0.5 magnitude, but 
by month’s end, this golden 
orange world fades to +0.2, 
becoming dimmer than the 


similarly colored star Arcturus. 


A waxing gibbous Moon will 
be in the general vicinity of 
Mars on the evenings of the 
15th and 16th. 


YITa is in Capricornus 


rising after local midnight— 


yellow Arcturus, the brightest star in the 


Joe Rao is a lecturer at the American 


Museum—Hayden Planetarium. 


about four hours before the 
Sun—and dominating the 
southeastern sky until dawn. 
Jupiter lies 4 degrees south of 
a waning gibbous Moon on 
the morning of the 28th. 


a yellow-white 


+0.8-magnitude “star” in 
Pisces, still lies low in the 
eastern morning twilight. It is 
close to the lower left of a 
waning crescent Moon on the 
morning of the 4th, and again 
(although not as close) on the 
morning of the 31st. 


is at new phase 
on the 6th at 4:46 pmM., EDT. 
First quarter is on the 14th at 


6:55 A.M., EDT; full Moon is 


on the 22d at 5:13 am., EDT; 
and last quarter is on the 29th 
at 3:51 A.M., EDT. 


Comet Hale-Bopp Biwrleecetcs 


farewell appearance. This 
now-famous comet appears 
lower in the west-northwest 
sky each evening and sets 
about two and a half hours 
after the Sun on the 1st. On 
the 8th, the skinny sliver of a 
two-day-old Moon will sit 4 
degrees below and left of the 
comet. This summer Hale- 
Bopp passes through the 
constellations of Orion, 
Monoceros, and Canis Major, 
fading as it sails back to deep 
space. It returns to our solar 
system about the year 4377. 


* 


Travel and Reading 


Pollen Bees pages 32-43 Among garden pollinators, bees are 


not as admired as butterflies or hummingbirds, but once you get 
to know them, they are just as fascinating. Most pollen bees are 
gentle, asserts Suzanne Batra, as long as you don’t injure them; 
females can sting defensively. You can attract many species of 
pollen bees, she says, by growing a variety of flowering plants 
and providing nesting sites. Underground nesters, such as sweat 
bees, digger bees, and polyester bees, can be encouraged by 
leaving an undisturbed patch of sunny soil near your garden. If 
your yard is somewhat untidy, you may not have to entice 
bumblebees; they like wood piles, brush piles, and compost 
heaps—even old, discarded mattresses—and will appropriate 
abandoned field mouse nests in vacant lots. 


Aboveground nesters make their own holes in a variety of 
materials. Ceratina—small, dark green bees that make good 
melon pollinators—seek out the dead stems of roses, grapes, 
sumacs, and brambles; encourage them by leaving dry trimmings 
of these pithy twigs about your garden. You may already 
unwillingly host carpenter bees. Large, fuzzy bees that like large 
flowers, they chew round holes wherever they find soft wood— 
including houses. If you construct a trellis with unpainted 
crossbeams of redwood or pine and plant wisteria to climb on it, 
these bees will love it. Mining bees, which are fast flying, fat, 
and fuzzy, dig their nests in cliffs and dry adobe walls in the 
central and southern United States. Attract mason bees (blue to 
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on south side 
of building 





Waterproof | 
roof 





Drill holes 
in wood block 
(vary diameters) 





Cells with larvae 
A wood-block nest may be used 
by leaf-cutter and mason bees. 





er Suzanne Batra 





greenish bees that are good 
pollinators of fruit trees) and 
leaf-cutters (black to grayish 
bees that favor clover and 
alfalfa) by drilling smooth- 
walled holes of various 
diameters and depths in a 
block of seasoned, dry, 
untreated wood (see 
illustration, left). Hang it in a 
sunny place, but where it will 
be protected from rain. 

A book with very good 
color photos is Christopher 
O'Toole and Anthony Raw’s 
Bees of the World (Facts on File, 
1992). A children’s pop-up 
book, The Bee, by Beth B. 
Norden, is available from 
BioQuip, (310) 324-0620. A 
family board game called 
Nectar Collector can be 
ordered from Animal Town, 
PO. Box 485, Healdsburg, CA 
95448, (800) 445-8642. 





Bonobo Dialogues page 22 


Bonobos live in isolated areas 
of Zaire inaccessible to 
tourists; you can see bonobos 
only in zoos fortunate enough 
to have them. As reported by 
_ Frans de Waal in his book 
Bonobo: The Forgotten Ape, 
only a hundred or so bonobos 
live in captivity, in groups 
ranging from two to eleven 
individuals per zoo; compare 
this with the thousands of 
chimpanzees living in colonies 
of as many as thirty. In the 
United States, bonobos are in 
the Milwaukee, San Diego, 
Cincinnati, Columbus, and 
Fort Worth zoos. Germany 
also has a scattering of 
bonobos in zoos in Frankfurt, 


Cologne, Berlin, Wuppertal, 
Leipzig, and Stuttgart. In 
Belgium, you'll find bonobos 
in the Mechelen and Antwerp 
zoos; in Great Britain at the 
Twycross Zoo; and in Mexico 
at the zoo in Morelia. 

To observe social and 
sexual interactions, says Frans 
de Waal, the amateur ape 
watcher should stop by the 
zoo on a regular basis and 
learn to distinguish the 
resident bonobos by their faces 
and personalities. 

Takayoshi Kano’s account 
of bonobos in Zaire (“The 
Bonobos’ Peaceable 
Kingdom”) appeared in 
Natural History in November 
1990, and his book The Last 


Ape: Pigmy Chimpanzee 
Behavior and Ecology was 
published by Stanford 
University Press in 1992. 


Ephemeral page 44 

To observe amphibians and 
other creatures in a vernal 
pool, says Mark DesMeules, 
your best bet is to arrange for 
a local guide to take you to 
one or sign up for a field trip. 
For information, contact an 
Audubon Society chapter, 
Nature Conservancy office, or 
your state’s Natural Heritage 
Program (generally housed in 
the Fish and Wildlife office of 
the Environmental 
Conservation Department). 


The best time for a vernal 
pool visit varies from one 
region to another; in the 
northeast, it’s from late March 
through April. Ideally, says 
DesMeules, you should wait 
for a good, strong rain that 
begins in early afternoon and 
continues through the night. 
Be sure to bring along hip 
waders, reliable rain gear, a 
headlamp, and at least one 
waterproof flashlight. A 
laminated pocket guide, Pond 
Watchers: A Guide to Ponds and 
Vernal Pools of Eastern North 
America, is published by the 
Massachusetts Audubon 
Society (617) 259-8805. 





Edited by Jeanne Flagg 





All photographs by Robb Walsh 


Natural History §/97 





Young and mature (red) seed pods from a Hawaiian cacao tree 


By Robb Walsh 


Jim Walsh, on his knees in a pile of rot- 
ting vegetation, is admiring a big, red 
fruit pod that protrudes from the trunk of 
a very healthy-looking cacao tree. Walsh 
(who is no relation to me) is the father of 
the fledgling Hawaiian chocolate indus- 
try, and he is very fond of this particular 


cacao plantation high in the mountains 
above the Kona coast of the Big Island of 
Hawaii. 

The ten- to fifteen-foot-high cacao 
trees look like shrubs beside the towering 
macadamia nut trees in the adjacent or- 
chard. The Hodge’s Estate, as this planta- 
tion is known, used to grow only coffee 
and macadamia nuts. Now it also pro- 





duces Walsh’s most prized 
chocolate. Walsh’s Hawaiian 
Vintage Chocolate Company 


sells chocolate by estate and 
year of vintage, like fine wine. 
A light rain is falling and I 
can’t help thinking that the 
place looks a mess—I am 
standing ankle-deep in a pile of 
wet, decaying organic debris. 
“Do cacao trees need this 
much mulch?” I ask diplomatically, after 
slipping on a pile of wet cacao leaves. 
“No, but the midges love it,’ Walsh 
replies as he twists a fruit pod off the tree. 
‘“Midges?” The connection between 
no-see-ums, the tiny flies that bite ex- 
posed human flesh on sandy beaches, and 
chocolate is completely lost on me. 
“If there weren’t any midges, there 





After seeds are fermented in a vat, a worker 
spreads them on screens to dry in the sun. 


wouldn’t be any chocolate,’ says Walsh 
with an enigmatic grin, tossing me the 
red cacao pod, which resembles a partly 
deflated football. 

The cacao tree bears fruit that is also 
called cacao (pronounced ka-KOW). The 
seeds inside the fruit pods are the cacao 
beans from which chocolate is made. 
Midges, as it turns out, are the only 
known pollinators of cultivated cacao. 
And a dearth of midges is one of the 
biggest problems facing the world’s 
chocolate producers. 

“There are cacao plantations in Central 
America that get only 400 pounds of fruit 
per acre compared to the 4,000 to 6,000 


it has a faint aroma of chocolate, the mu- ~ 


cilaginous cacao flesh actually tastes more 
like lemon Jell-O. Walsh eats a little bit of 
it himself. 

“Tt tastes good, doesn’t it? We're think- 
ing of making it into some kind of soft 
drink,” says Walsh. He tells me that cacao 
fruit has been used to make beverages in 
Latin America for centuries. 

When cacao was first harvested by 
South American Indians thousands of 
years ago, the sweet, citrusy mucilage was 
what interested them. Their interest was 
shared by bats, rats, squirrels, and mon- 
keys, which gnawed through the skin of 
the cacao fruit to eat the pulp. Both hu- 
mans and animals discarded the bitter- 
tasting cacao beans, thus guaranteeing the 
tree’s dispersal. Cacao fruit pods are cauli- 


colate Bug 


Its beans are valued all over 
the world, but the cacao 
tree grows in very few 
places. The plant’s survival 
depends on a tiny insect 
that is finicky about where 


it lives. 


pounds an acre we get here in Hawaii,” 
says Walsh. “All because they don’t have 
as many midges as we do.” 

Jim Walsh takes back his shrunken 
football and breaks the cacao fruit in half. 
Inside, there is a loose sac of sticky, trans- 
parent fruit enclosing thirty or forty 
thick, black seeds. Walsh encourages me 
to eat a little of the gooey fruit. Although 
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An electromicrograph (x17) of the 
midge Forcipomyia fuliginosa 


florous; that is, they grow out of the tree’s 
trunk and branches rather than from the 
branch tips. And no matter how ripe they 
become, they never fall from the tree, 
which means that cacao is completely de- 
pendent on animals to spread and propa- 
gate it. 

The tropical humidity of the Amazon 
Basin will cause cacao beans to rot if they 


are left out in the sun. So the seductive 
flavor of chocolate was not fully appreci- 
ated until cacao was cultivated in the drier 
climates of Central America and Mexico, 
where the cacao beans could be easily 
dried. Just how cacao came to Central 
America and how the uses of the bean 
were first discovered is, alas, unknown. 

We do know that in ancient Meso- 
america, chocolate culture reached its full 
flower. Chocolate was not only a luxuri- 
ous beverage but also a sacramental drink 
and a form of currency. Powdery residues 
taken from ancient Mayan stirrup-han- 
dled jars unearthed by archeologists were 
found to contain cacao. The English (and 
Spanish) word chocolate comes from choco- 
latl, the name of an Aztec beverage made 
of cacao, chiles, and vanilla beans. There 
was plenty of gold and silver in precon- 
quest Mexico, but neither was used as 
money. Aztec traders paid their debts in 
cacao beans. 

The drier climates of Mesoamerica 
made chocolate production practical and 
cacao beans valuable to the Maya and 
Aztecs, but it also made growing cacao 
fruit more difficult. The insects that polli- 
nate cacao are scarce in dry environments. 
This is the paradox that still plagues 
chocolate producers the world over. 

Soon after Jim Walsh started his choco- 
late operations in Hawaii, he was visited 
by a midge specialist. “Chocolate had 
never been grown commercially in 
Hawaii, and we had no idea if we had the 
right kinds of midges here,’ Walsh says. 
The man who came to investigate was 
Allen M. Young, curator of zoology at 
the Milwaukee Public Museum and the 
author of a comprehensive book on 
cacao, The Chocolate Tree (Smithsonian, 
1994). Young has been studying insects of 
the tropical rain forest since 1968 and 
their relation to chocolate production 
since 1979. He was curious to see for 
himself whether the right pollinating in- 
sects for cacao would be found in Hawaii. 

Young inspected several test plantings 
of cacao in the islands. He checked the 
leaf litter around the trees for midge lar- 
vae and observed the flowers on the trees 
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for midge activity. Potential plantation 
sites were judged for their attractiveness 
to midges. “Western Maui was too dry,’ 
Young remembers. “The sites I visited on 
the Big Island of Hawaii were much bet- 
ter for the midges.” 

Technically, the pollinators of cacao are 
dipteran flies of the family Ceratopogon- 
idae, also known as biting midges. Young 
describes midges as “specks of dust on 
wings.” The problems of fieldwork and 
taxonomy are difficult enough without 
having the dust specks biting you. How- 
ever, the various species that pollinate 
cacao don’t really bite. 

“Midges have no ecological depen- 
dency on cacao,’ Young explains. “Their 
lack of fidelity means they are probably 
generalist pollinators.” Young has done 
most of his cacao pollination studies in 
Costa Rica, where the pollination rate is 
less than 5 percent. But the problem is 
not unique to Costa Rica. “Everywhere 
cacao is cultivated, the trees set very few 
fruits in relation to the large number of 
flowers they bear.’ 

Cacao is not unique in its pollination 
problems. Its sister flavoring, vanilla, pre- 
sents an even tougher challenge to farm- 
ers. In its native region in Mexico, 
vanilla—which is actually a fruiting or- 
chid—is pollinated by orchid bees. In 
Madagascar, where much of the world’s 
commercial vanilla is now grown, there 
aren’t any orchid bees, and pollination 
must be done by hand with tiny paint 
brushes. 

In the same area of northeastern Costa 
Rica where Allen Young did his field ex- 
periments with cacao, a local spice farmer 
unsuccessfully attempted to grow vanilla 
from Mexican cuttings. Young remem- 
bers touring the vanilla orchard one day, 
looking at the shriveling flowers and 
wondering why the local orchid bees 
were ignoring them. 

“In the middle of this field of culti- 
vated vanilla plants, I came across a wild 
vanilla plant that had somehow taken 
root,” says Young. “The cultivated vanilla 
plants were bare, but the wild plant was 
heavy with fruit. The local orchid bees 


evidently recognized the color and shape 
of the wild vanilla flowers, but not those 
of the cultivated variety. What a lesson in 
pollination that was!” 

Young has always wondered whether 
an insect in the Amazon Basin has the 
same sort of relationship with cacao that 
those orchid bees had with the local wild 
vanilla. In Costa Rica, he has tried intro- 
ducing various species of bees into cacao 
plantations, but none showed any interest 
in the cacao flowers. With no other polli- 
nator available, Young turned his atten- 
tion back to the midges. 


One of the major problems with cacao 





First cultivated in Central America, the 
cacao tree originated in South American 
rain forests, 


pollination is that the midge population 
reaches its height toward the end of the 
rainy season, whereas cacao begins to 
flower at the beginning of the rains. 
Checking various field sites for midge lar- 
vae during the peak flowering period, 
Young noticed a high concentration of 
midge larvae in the rotting remains of 
cut-down banana plants. 





So he conducted experiments in which 
banana stem cuttings were strewn among 
the cacao plants. “We pushed up pollina- 
tion by as much as 15 percent by bringing 
in the banana stem litter,’ Young told me. 
Suddenly, Jim Walsh’s penchant for messy 
cacao plantations made a lot more sense. 

But he wasn’t really satisfied with the 
organic litter solution. The experiment 
also led him to question the basic premise 
of the plantation system. Planting cacao 
in neat rows with clean open spaces be- 
tween them.may be convenient for hu- 
mans, but it’s not very appealing to 
midges. And while the banana stem litter 
might mitigate the problem, Young won- 
dered what would happen if cacao were 
planted in a tropical rain forest environ- 
ment to begin with. 

So he conceived an experiment that is 
now being conducted in Costa Rica. The 
Milwaukee Public Museum, together 
with the Riveredge Nature Center, has 
purchased 740 acres of rain forest that will 
be used as a field research site and for 
public education programs. A managed 
rain forest experiment will allow valuable 
timber to be removed from the rain forest 
while damage is kept to a minimum. In 
the spaces created by removing the tim- 
ber, small cacao groves will be planted. 
The pollination rate and cacao fruit yield 
will be measured against three other ex- 
perimental plots, one in a secondary for- 
est, one in an old pasture, and one in a 
conventional plantation under a shade 
canopy of rubber trees. Young hopes to 
test his hypothesis that pollination can be 
improved by returning the plant to an en- 
vironment that closely resembles its nat- 
ural habitat. 

If managed rain forests turn out to be 
more economical places to grow cacao 
than old-fashioned plantations on cleared 
land, then environmentalists and choco- 
late lovers alike should fall down on their 
knees (but, hopefully, not in the leaf litter) 
and thank the accommodating midges. 


Culinary adventurer Robb Walsh received the 
1996 James Beard journalism award for his 
writings about food. 
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(Continued from page 21) 


Codex Leicester, and occupies several full 
pages of text—one, for example, entitled 
“Of the Flood and of marine shells,’ and 
another, “Refutation of such as say that 
the shells were carried a distance of many 
days’ journey from the sea by reason of 
the Deluge.” 

Second, Leonardo dismisses, even 
more contemptuously, various Neopla- 
tonic versions of the theory that fossils are 
not remains of ancient organisms at all, 
but rather manifestations of some plastic 
force within rocks, or some emanation 
from the stars, capable of precisely mim- 
icking a living creature in order to illus- 
trate the symbolic harmony among 
realms of nature: animal, vegetable, and 
mineral. If fossils really belong to the 
mineral kingdom, then their position on 
the tops of mountains ceases to be anom- 
alous, as we need no longer believe that 
these objects ever inhabited the seas. 

Leonardo made observations 7 to 9 to 
refute this Neoplatonic theory that fossils 
“grew” within their entombing rocks and 
do not represent the remains of organ- 
isms. If marine fossils are inorganic, why 
don’t they “grow” in all strata, rather than 
only in rocks carrying abundant evidence 
of an oceanic origin (observation 7). If 
fossils belong to the mineral kingdom, 
why should they so often grow in frag- 
ments and jumbles looking exactly like 
piles of shells on our beaches, or layers 
deposited by rivers in lakes and ponds 
(observation 8). Most convincingly, if fos- 
sils grow from inorganic “seeds” in the 
rocks, how can they expand, year by year, 
as indicated by growth bands in their 
shells, without fracturing the surrounding 
matrix (observation 9), 

Leonardo reserved his choicest invec- 
tive for what he regarded as the lingering 
magical content of this Neoplatonic the- 
ory of signs and signatures (although the 
issue remained alive—and quite lively— 
within Western science until the late sev- 
enteenth century. The Mundus subterra- 
neus (1664) of the great Jesuit scholar 
Athanasius Kircher represents the last se- 
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riously cogent defense of the Neoplatonic 
position). Leonardo writes: 


And if you should say that these shells 
have been and still constantly are being 
created in such places as these by the nature 
of the locality and through the potency of 
the heavens in those spots, such an opinion 
cannot exist in brains possessed of any 
extensive powers of reasoning because the 
years of their growth are numbered upon 
the outer coverings of their shells 
[observation 9 again]; and both small and 
large ones may be seen, and these would 
not have grown without feeding or feed 
without movement, and here [that is, in 
solid rock] they would not be able to move. 
. . . Ignoramuses maintain that nature or 
the heavens have created [fossils] in these 
places through celestial influences. 


ut demonstrating that Leo- 

nardo made his paleontologi- 

cal observations to refute the 

prevailing theories of his time 
scarcely establishes my argument that he 
must be evaluated as a thinker immersed 
in his own premodern context and not 
judged for his remarkable foreshadow- 
ing of twentieth-century views—for a 
true spaceman would also have to refute 
the fallacies of his surroundings in order 
to introduce superior views from his 
time warp (just as Hank Morgan had to 
reject the running messenger service in 
favor of a telephone call for summoning 
Sir Lancelot’s bicycle corps). I must ad- 
vance a further claim—one that can be 
particularly well documented in 
Leonardo’s case. 

Just as Leonardo made his astute obser- 
vations to refute prevailing theories of 
fossils, he also urged his interpretations in 
support of his own favored theory of the 
earth. (“All observation must be for or 
against some view”). And the positive 
prod for Leonardo’s paleontological ob- 
servations could not have been more 
squarely Renaissance or late medieval, 
more firmly attached to his own time and 
concerns—and not to ours. Leonardo ob- 
served fossils as part of his quest to sup- 


port a distinctive theory of the earth—a 
framework that would be seriously weak- 
ened if either Noah’s flood or the Neo- 
platonic theory of fossils were true. If 
Leonardo had not been so devoted to his 
“antiquated” theory of the earth, I doubt 
that he would ever have been inspired to 
make his wonderfully “modernist” obser- 
vations about fossils—for the notebooks 
invariably present his observations as ar- 
guments to support his theory. 

Leonardo loomed so much larger than 
life, even in the eyes of his contempo- 
raries, that a potent mythology began to 
envelop him right from the start. Only 
thirty years after Leonardo’s death, Gior- 
gio Vasari published a first biography full 
of such touching tall tales as Leonardo’s 
death in the arms of King Francis I. 
(Francis did admire Leonardo greatly, but 
he and his entire court had decamped to 
another town on the day of Leonardo’s 
demise. (A. Richard Turner has written 
an entire, and fascinating, book on the 
history of the Leonardo legend through 
the ages—IJnventing Leonardo, University 
of California Press, 1994.) One promi- 
nent component of the myth—that 
Leonardo was an unlettered man who 
could only work by observation and 
therefore gained great (if ironic) benefit 
from not knowing the false traditions of 
medieval Scholasticism—must be refuted 
if my case for his medieval impetus has 
merit. For how could I assert such a con- 
trolling context if Leonardo never knew 
or studied the prevailing traditions of 
printed scholarship in his time? 

As the illegitimate son of a Florentine 
notary, Leonardo grew up in reasonably 
comfortable but nonscholarly circles and 
received only a limited formal education. 
Most importantly, he did not learn Latin, 
then the nearly universal language of in- 
tellectual communication. But Leonardo 
did study Latin assiduously in later life, 
even if he never attained more than a 
halting knowledge. (I love Martin Kemp’s 
statement in his superb book Leonardo da 
Vinci: The Marvelous Works of Nature and 
Man: “It is rather humbling to think of 
Leonardo in his late thirties secretly 


é 
‘ 


schooling himself in the rhythmic rotes of 
‘amo, amas, amat . . .’, like one of the chil- 
dren of the court.”) 

Moreover, Leonardo studied Latin be- 
cause he yearned to gain full access to the 
scholarship of classical and medieval 
sources. He built a respectable library for 
the time—Italian translations whenever 
possible, but original Latin sources when 
necessary. He read particularly widely and 
deeply in this essay’s subject of paleontol- 
ogy and the structure of the earth. Kemp 
writes: “He was taking up questions 
which had provided considerable bones 
of contention in classical and medieval 
science. An impressive roll-call of classical 
authorities contributed to his education 
. There probably 
is no other field in which Leonardo’s 


in physical geography. . . 


knowledge of classical and medieval 
sources Was so extensive.” 

He read the Greek masters Aristotle 
and Theophrastus on geology; he owned 
a copy of Pliny’s encyclopedic Natural 
History; he studied the views of the great 
Islamic scholars Avicenna and Averroés 
(mainly via medieval Christian sources). 
He listed parts of what he had read and 
owned on the inside front cover of his 
Manuscript F: Aristotle’s Meteorologia, 
Archimedes on the center of gravity, “Al- 
bertuccio and Albertus de coelo et mundo.” 
(The last comment is particularly sweet, 
as Leonardo follows medieval conventions 
in distinguishing his sources as “Little Al” 
[the Italian diminutive Albertuccio] and 
“Big Al.” Little Al is Albert of Saxony [ca. 
#316-1390],. the 
philosopher and physicist. Later scholars 
frequently confused him with Big Al, or 
Albertus Magnus [ca. 1200-1280], Albert 
the Great, the teacher of Thomas 
Aquinas. Both Als wrote extensively 
about the form and behavior of the earth, 
and Leonardo probably learned the views 
of Jean Buridan [1300-1358] by reading 
Albert of Saxony’s discussion. Buridan’s 
views became the basis of the theory of 
the earth that Leonardo defended with 
his observations on fossils.) 

What theory of the earth, then, did 


Leonardo seek to support with paleonto- 


German Scholastic 
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logical data? Simply stated, Leonardo was 
vigorously promoting a common and dis- 
tinctively premodern view that could not 
have been more central to all his thought 
and art: the comparison, and causal 
union, of the earth as a macrocosm with 
the human body as a microcosm. We tend 
to regard such comparisons today as 
“merely” analogical or “purely” 
metaphorical—more apt to promote a 
deluding sense of false unity than any 
genuine insight into common causality. 
Leonardo’s premodern world viewed 
such consonances as deeply meaningful, 
in part by invoking the same general the- 
ory of symbolic correspondence across 
scales of size and realms of matter that 
Leonardo (ironically) had rejected so vig- 
orously in denying the Neoplatonic idea 
that fossils might grow within rocks as 
products of the mineral kingdom. 

No theme recurs so incessantly, and 
with such central import, both in the 
Codex Leicester and throughout Leo- 
nardo’s writing, as the causal and material 
unity of the body’s microcosm and the 
earth’s macrocosm. Leonardo also knew 
the ancient pedigree of this doctrine, 
from classical antiquity through medieval 
Scholasticism. In the A Manuscript (now 
in the Institut de France), Leonardo stated 
that he would begin his “Treatise on 
Water” (never completed or published) 
with a statement that he later repeats al- 
most verbatim in the Codex Leicester: 


Man has been called by the ancients a lesser 
world, and indeed the term is rightly 
applied, seeing that if man is compounded 
of earth, water, air and fire, this body of the 
earth is the same; and as man has within 
himself bones as a stay and framework of 
the flesh, so the world has the rocks which 
are the supports of the earth; as man has 
within him a pool of blood wherein the 
lungs as he breathes expand and contract, 
so the body of the earth has its ocean, 
which also rises and falls every six hours 
with the breathing of the world [the tides]; 
as from the said pool of blood proceed the 
veins which spread their branches through 
the human body, in just the same manner 


the ocean fills the body of the earth with an 


infinite number of veins of water. 


A close look at the background and 
details of the Mona Lisa affirms the cen- 
trality of the same analogy in Leonardo’s 
art, as many scholars have noted, and as 
Martin Kemp describes particularly well. 
La Gioconda stands on a balcony over- 
looking a complex geological back- 
ground of flowing waters that complete a 
full hydrological cycle just as blood moves 
through the human body. Kemp notes: 


The processes of living nature are not only 
mirrored by anatomical implication within 
the lady’s body, but are more obviously 
echoed in the surface details of her figure 
and garments, which are animated by myr- 
iad motions of ripple and flow. The delicate 
cascades of her hair beautifully correspond to _ 
the movement of water, as Leonardo himself ~ 
was delighted to observe: “Note the motion 
of the surface of the water which conforms 
to that of the hair.” . . . The little rivulets 
of drapery falling from her gathered neckline 
underscore this analogy, as do the spiral 

folds of the veil across her left breast. 


e now reach the central 
dilemma and resolution 
_that make the paleonto- 
logical observations so 
crucial to the argument of the Codex 
Leicester. This notebook, as scholars have 
always recognized, is primarily a treatise 
on the nature of water in all its properties, 
manifestations, and uses. So why does 
Leonardo devote so much apparently sub- 
sidiary space to the nature of fossils and 
the reason for their situation in mountain 
strata, far above present sea level? The key 
to this problem lies in Leonardo’s almost 
heroic struggle to overcome a central dif- 
ficulty in validating his crucial analogy of 
the body’s microcosm to the earth’s 
macrocosm. Most scholars have missed 
this theme and therefore do not grasp the 
union of the hydrological and paleonto- 
logical passages of the Codex Leicester, 
Leonardo recognizes only too well— 
for he has struggled with this problem for 


years and through several notebooks— 
that his crucial analogy suffers from a po- 
tentially fatal difference between the 
human body and the earth. Both are built 
of the four elements of antiquity: earth, 
water, air, and fire. But the human body 
sustains itself by circulating these ele- 
ments, particularly by maintaining some 
mechanism for permitting water (blood) 
to rise from the legs to the head. The 
analogy of microcosm and macrocosm 
can only work if the earth also possesses a 
comparable mechanism for sustenance by 
cycling of elements. 

But how can such a notion be de- 
fended for the planet, especially in the 
light of the following problem: earth and 
water are heavy elements; their natural 
motion can only be down (leading ideally 
to a planet of four concentric layers with 
earth at the center, water above, air atop 
water, and fire at the periphery). But if 
earth and water can only move down, 
they must come to rest in two concentric 
spheres at the center of the planet—and 
the macrocosm will therefore possess no 
device for sustenance by circulation. 
Leonardo knows that he must therefore 
find a mechanism that will make both 
earth and water move up, as well as down, 
on our planet. This pressing need, so dif- 
ficult to validate, sets the central struggle 
that Leonardo exposes to our view 
throughout the Codex Leicester. 

Ironically, I wish to argue, he never did 
solve the problem for his main subject of 
the codex—water. That is, he tried again 
and again, but never found a satisfactory 
mechanism to guarantee the upward mo- 
tion, hence the cycling, of water. How- 
ever—and this is the vital point that has 
usually been missed—Leonardo did suc- 
ceed (according to his lights) in his quest 
to find a mechanism for upward move- 
ment of the other heavy element: earth. 
- Fossils on mountains provide the observa- 
tional proof that earth can rise, both gen- 
erally and often. For marine shells once 
inhabited the sea but now reside in the 
high mountains. The paleontological ob- 
"servations received such prominence in 
the Codex Leicester not, as has usually been 





argued, because fossils once lived in water 
and the codex treats water in all major as- 
pects (an awfully lame reason for devoting 
so much space to paleontology) but rather 
because fossils mark Leonardo’s great suc- 
cess (in contrast to his failure for the cen- 
tral subject of water) in illustrating a gen- 
eral mechanism for the upward motion of 
earth, and therefore for a self-sustaining 
planet that may legitimately be compared 
with the human body. 


eonardo knew only too well that 

he faced a serious problem with 

the motion of water through the 

earth, and he virtually obsesses 
over the issue in notebook after note- 
book, repeating the conundrum in almost 
unchanging words and proposing various 
solutions, only to abandon them later as 
untenable. Water, by itself and following 
its “natural course” (Leonardo’s words) 
can only flow down. But within the body 
of the earth, water also moves up to 
emerge as springs near the tops of high 
mountains (and thence back on track, to 
flow as rivers to the sea). An earthly force 
must therefore make water rise through 
the land against its natural inclination to 
flow down. The combined action of 
these two forces will cause water to circu- 
late—and thereby act like the blood in 
our bodies to sustain a living system: 


So does the water which is moved from the 
deep sea up to the summits of the 
mountains, and through the burst veins 
[mountain springs] it falls down again to 
the shallows of the sea, and so rises again 
to the height where it burst through, and 
then returns in the same descent. Thus 
proceeding alternately upwards and 
downwards at times it obeys its own desire 
[to move down] at times that of the body in 
which it is pent [to move up]. (From the 
Arundal Codex in the British 
Museum). 


Leonardo could not have been more 
explicit in admitting that water can move 
up only by running against its natural 
course and that, if some mechanism can 
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be found at all for this anomalous motion, 
the analogy between microcosm and 
macrocosm offers the only reasonable 
hope for a solution: 


Clearly it would seem that the whole 
surface of the oceans, when not affected by 
the tempest, is equally distant from the 
center of the earth, and that the tops of the 
mountains are as much farther removed 
from this center as they rise above the 
surface of the sea. Unless therefore the body 
of the earth resembled that of man, it 
would not be possible that the water of the 
sea, being so much lower than the 
mountains, should have power in its nature 
to rise to the summit of the mountains. We 
must therefore believe that the same cause 
that keeps the blood at the top of a man’s 
head keeps water at the summit of the 
mountains. (From the A Manuscript in 
the Institut de France.) 


But to state a need is not to find a 
mechanism. Throughout the Codex 
Leicester, Leonardo struggles to discover a 
physically workable way to raise water 
within the earth. He tries and rejects sev- 
eral explanations, as Martin Kemp docu- 
ments in “The Body of the Earth,” an ar- 
ticle written for the catalog to the recent 
display of the Codex Leicester. Perhaps, 
Leonardo first argues, the heat of the sun 
draws water up through the veins (inter- 
nal streams) that run through mountains. 
(Leonardo, in his strongest image of a liv- 
ing earth, had written in the Codex Leices- 
ter: “The body of the earth, like the bod- 
ies of animals, is interwoven with a 
network of veins, which are all joined to- 
gether, and formed for the nutrition and 
vivification of the earth and of its crea- 
tures.”) But he then decides that this ex- 
planation cannot work for two reasons— 
first, the highest 
mountaintops closest to the heating sun, 


because, on 


water remains cold and even icy; and, sec- 
ond, because this mechanism should op- 
erate best in summer during maximal 
solar heat, but mountain streams often 
flow with lowest output at this time. 

In a second try, Leonardo turns to the 
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earth’s internal heat and a process of dis- 
tillation: perhaps the interior fires boil 
water in internal caverns, and this water 
rises as vapor through mountain interiors, 
where it reverts to liquid form and bursts 
through as a high spring. But this pro- 
posal won't work either because such ex- 
tensive distillation would require that the 
roofs of internal caverns be wet with the 
rising steam—but they are often bone 
dry. Leonardo then made a feebler third 
attempt: perhaps, by analogy to a sponge, 
mountains somehow suck up water to a 
point of saturation and subsequent oozing 
from the top. But Leonardo realizes that 
he cannot cash out this analogy in me- 
chanical terms: 


If you should say that the earth’s action is 
like that of a sponge which, when part of it 
is placed in water, sucks up the water so 
that it passes up to the top of the sponge, 
the answer is that even if the water itself 
rises to the top of the sponge, it cannot then 
pour away any part of itself down from this 
top, unless it is squeezed by something else, 
whereas with the summits of the mountains 
one sees it is just the opposite, for there the 
water always flows away of its own accord 
without being squeezed by anything. 


But if Leonardo, to his great disappoint- 
ment, never solved the problem of rising 


‘waters, he did (to his satisfaction) crack 


the equally knotty problem of a general 
mechanism for the elevation of earth—a 
combination of his views on gravity and 
his concept of erosion. (I struggled with 
Leonardo’s complex mux of idea for many 
days—a mélange of Scholastic theories of 
gravity and the earth, mainly vouchsafed 
to Leonardo by Jean Buridan through the 
books of Albert of Saxony, and of 
Leonardo’s conjectures on composition of 
the earth’s interior combined with obser- 
vations on our planet’s surface—but I am 
now confident that I grasp the argument 
and can present a crisp epitome.) 

Our planet has a geometric center, 
called by Leonardo the “center of the 
world”—or sometimes the “‘center of the 
universe,’ for Leonardo accepts the Ptole- 


maic system of a central earth and a re- 
volving sun. The realm of liquid water 
must arrange itself as a perfect sphere 
about this center, with the surface of the 
ocean equidistant at all points from the 
center of the world. If the solid earth 
were homogeneous and equally distrib- 
uted, it would also form a smooth sphere 
with a surface equidistant at all points 
from the center of the world. 

But the heavy earth is far from homo- 
geneous. The interior of our planet is a 
complexly marbled mass of solid earth, 
liquid water running through veins in the 
rocks, and even air, where water has hol- 
lowed out caverns in the rocks. There- 
fore, as a result of this unequal distribu- 
tion of earth, one hemisphere will always 
be heavier than the other. 


ow, the planet also has a 
center of mass (called by 
Leonardo, in a terminology 
that we would not use 


today, a “center of gravity”). On a ho- 


mogeneous planet, this center of gravity 
will coincide with the geometric center 
of the world. But on our actual planet, 
with one hemisphere heavier than the 
other, the “center of gravity” will lie 
below the geometric center and within 
the heavier hemisphere. Yet the planet 
must strive, as a living body seeking bai- 
ance, to bring the center of gravity closer 
to the geometric center. The earth pur- 
sues this goal in a manner known from 
time immemorial to all riders on seesaws 
(the Codex Leicester contains a picture of 
such a seesaw, albeit for a different pur- 
pose). To balance a seesaw, the heavier 
person must move toward the fulcrum at 
the center, while the lighter person must 
move away. In exactly the same manner, 
the solid masses of the heavier hemi- 
sphere must sink toward the center of the 
world, while the rocks of the lighter 
hemisphere must rise. The emergence of 
mountains from the seas, and the conse- 
quent placement of marine fossils on 
high hills, records this rising of land in 
the earth’s lighter hemisphere. 

Leonardo succinctly describes the gen- 
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eral process in Manuscript F (in the Institut 
de France): 


Because the center of the natural gravity of 
the earth ought to be in the center of the 
world, the earth is always growing lighter 
in some part, and the part that becomes 
lighter pushes upwards, and submerges as 
much of the opposite part as is necessary for 
it to join the center of its aforesaid gravity 
to the center of the world; and the sphere of 
the water keeps its surface steadily 
equidistant from the center of the world. 


Leonardo must then find a general 
mechanism for lightening one hemi- 
sphere, while making the other heavier-— 
and he succeeds with two principles, both 
based on erosion by water: one mode op- 
erating in the earth’s interior, the other at 


Leonardo’s mechanism for the rising of 
mountains: the upper hemisphere becomes 
lighter when a large mass of earth falls to the 
center of the planet. 


the earth’s surface. In the interior, internal 
veins of water carve out caverns, which 
eventually become unstable. Their tops 
finally collapse, and enormous blocks of 
rock fall all the way to the center of the 
world. There, the blocks distribute them- 
selves about the center with approxi- 
mately equal volume in each hemi- 
sphere—thus adding weight to one 
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hemisphere and subtracting from the 
other (for the entire block had previously 
resided 
Leonardo includes a striking illustration 


in one hemisphere alone). 
of this process in the Codex Leicester, 
showing a fallen block as a large arch 
nicely draped about the center of the 
world. In describing this internal mecha- 
nism in the Codex Leicester, Leonardo ex- 
plicitly cites the rising of fossiliferous 


strata as a consequence: 


The fact of the summits of the mountains 
projecting so far above the watery sphere 
may be due to the fact that a very large 
space of the earth which was filled with 
water, that is the immense cavern, must 
have fallen in a considerable distance from 
its vault toward the center of the world, 
finding itself pierced by the course of the 
springs, which continually wear away the 
. Now 
this great mass has the power of falling. 


spot through which they pass. . . 


.. . It balances itself with equal opposing 
weights round the center of the world, and 
lightens the earth from which it is divided; 
and it [the lightened earth] removed itself 
immediately from the center of the world 
and rose to the height, for so one sees the 
layers of the rocks [with their fossils], 
formed by the changes which the water has 
undergone, at the summits of the high 
mountains. 


The exterior method of lightening by 
erosion can enhance this process once the 
mountains rise. Rivers will now erode the 
sides of the mountains and carry sediment 
away to the oceans. Some sediment will 
flow to the opposite hemisphere, thus 
further increasing the imbalance of 
weight, and causing the mountains to rise 
still higher as a consequence. 


And now these beds are of so great a height 
that they have become hills or lofty 
mountains, and the rivers which wear away 
the sides of these mountains lay bare the 
strata of the shells, and so the light surface 
of the earth is continually raised, and the 
antipodes [the opposite side of the earth] 
draw nearer to the center of the earth, 
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and the ancient beds of the sea become 
chains of mountains. 


hus, and finally, we grasp the 
central importance of 

Leonardo’s paleontological ob- 

servations in the Codex Leices- 
ter. He featured this subject in order to val- 
idate the most cherished centerpiece of 
his premodern worldview—the venerable 
argument, urged throughout classical and 
medieval times, for considering the earth 
as a living, self-sustaining “organism,” a 
macrecosm working by the same princi- 
ples and mechanisms as the microcosm of 
the human body. Leonardo required, 
above all, a general device to make the 
heavy elements, earth and water, move 
upward against their natural inclination— 
so that the earth could sustain itself, like a 
living body, by constantly cycling all its el- 
ements, rather than reaching inert stability 
with heavy elements in permanent layers 
below lighter elements. 

Leonardo failed to find such a mecha- 
nism for the chief subject of the Codex 
Leicester: water—and this lack of resolu- 
tion caused him great frustration. But he 
succeeded for the even heavier element of 
earth. He extended a mechanism pro- 
posed by Scholastic philosophers for caus- 
ing the lighter hemisphere of an unhomo- 
geneous planet to rise. He proposed both 
internal and external erosion by water as 
devices that could lighten a hemisphere— 
but he needed observational evidence that 
land did, in fact, rise. His crowning jewel 
of confirmation lay in a well-known phe- 
nomenon that had provoked intense de- 
bate ever since the days of classical Greek 
sclence—fossils of marine organisms in 
strata on high mountains. 

Leonardo also needed to assert that the 
rising of strata with fossils must represent 
a general and repeatable feature of the 
earth’s behavior, not an odd or anomalous 
event. Thus, he had to refute the two ex- 
planations for fossils most common in his 
time—for Noah’s flood could only be 
viewed as a strange and singular phenom- 
enon, and if all fossils derive from this 


event, then paleontology illustrates no 


general mechanism for the rising of land. 
And if fossils grow as objects of the min- 
eral kingdom within rocks, then the 
mountains may always have stood high, 
and we can derive no evidence for any 
uplift at all. Thus, Leonardo made his su- 
perb observations on fossils to validate his 
lovely, but ever so antiquated, view of a 
causally meaningful and precise unity be- 
tween the human body as a microcosm 
and the earth as a macrocosm. Leonardo, 
the truly brilliant observer, was no space- 
man, but a citizen of his own instructive 
and fascinating time. 

I like to contemplate Leonardo, this 
complex man of peace, of gentleness, of 
art, of scholarship; this military engineer 
who designed (but generally did not 
build) ingenious instruments of war, but 
who would not reveal his ideas for a sub- 
marine, as stated in the Codex Leicester: 


This I do not publish or divulge on account 
of the evil nature of men who would 
practice assassinations at the bottom of the 
seas, by breaking the ships in their lowest 
parts and sinking them together with the 
crews who are in them. 


And I like to compare his views on the 
mechanism for raising mountains from 
the sea (and exposing fossils for collectors) 
with our most celebrated literary image 
on the same subject—lIsaiah’s prophesy 
that “every valley shall be exalted.’ I also 
recall the peace that shall reign on Isaiah’s 
mountain (festooned, no doubt, with fos- 
sils), where a scholar might study the rais- 
ing of earth to his heart’s content and not 
need to provide his warlike patron with 
plans for the raising of sieges or the razing 
of enemy cities—Isaiah’s summit, where 
“the wolf also shall dwell with the lamb, 
and the leopard shall lie down with the 
kid. . . . They shall not hurt nor destroy in 
all my holy mountain.” 


Stephen Jay Gould teaches biology, geology, 
and the history of science at Harvard Univer- 
sity. He is also Frederick P- Rose Honorary 
Curator in Invertebrates at the American Mu- 
seum of Natural History. 
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sufficient to shred a star before it crosses 
the event horizon. When this happens, all 
of the star’s gravitational potential energy 
is converted into speed (like that of the 
freshly baked pie as it fell out of the win- 
dow but before it hit the ground) and the 
stars are eaten whole as they plunge 
through the event horizon. No more 
conversion to heat and radiation. This 
shut-off valve kicks in for a black hole 
when it becomes about a billion times the 
mass of the Sun. 


The unified picture would account for 
a scenario in which quasars and other ac- 
tive galaxies are just early chapters in the 
life of ordinary galaxy nuclei. If this is 
true, specially exposed images of quasars 
should reveal the surrounding fuzz of a 
host galaxy. The observational challenge 
is similar to that faced by planet hunters 
who try to detect planets hidden in the 
glare of a host star. The quasar is so much 
brighter than the surrounding galaxy that 
masking techniques must be used to de- 


tect anything other than the quasar. Sure 
enough, nearly all high-resolution images 
of quasars have revealed surrounding 
galaxy fuzz. The several exceptions—un- 
cloaked quasars—continue to confound 
expectations based on the standard 
model. Or are the host galaxies simply 
too faint to be detected? The data remain 
controversial. 

The unified picture also accounts for 
quasars eventually shutting themselves off. 
Actually, the absence of nearby quasars 
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requires this. But it also means that black 
holes in galactic nuclei should be com- 
mon, whether or not the galaxy has an 
active nucleus. Indeed, the list of nearby 
galaxies with dormant supermassive black 
holes in their nuclei has grown to two 
dozen—and includes the Milky Way. The 
smoking gun in each galaxy is the unex- 
pectedly astronomical speed that stars 
achieve as they orbit close (but not too 
close) to the central black hole. 

Such scientific models are always se- 


ductive, but one should occasionally ask 


whether the model actually captures 
some deep truths about the universe, or 
whether it was constructed with so many 
tunable variables that you can use it to ex- 
plain anything at all. Similarly, have we 
been sufficiently clever today, or are we 
missing a tool that will be invented or dis- 
covered tomorrow? The English physicist 
Dennis Sciama, of the University of Ox- 
ford, was asking himself a similar question 
when he penned: 


Since we find it difficult to make a suitable 
model of a certain type, Nature must find 
it difficult too. This argument neglects the 
possibility that Nature may be cleverer 
than we are. It even neglects the possibility 
that we may be cleverer tomorrow than we 
are today. 


Neil de Grasse Tyson is the Frederick P- Rose 
Director of New York City’s Hayden Plane- 
tarium. He also teaches astrophysics at Prince- 
ton University. 
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Laboratories * Mesa Technical College 
911 South Tenth St., Tucumcari, NM. 88401 © 505-461-4413 








ANTARCTICA 


Expedition cruises aboard 

owerful, refurbished Russian 
Ce CERO NCR 
remote areas unattainable by 


conventional cruise ships. 
TBM eM etal lg 


1-800-368-0077 


Le 


EXPEDITIONS NH29 










plus The Falklands and 
6 days at So. Georgia 
Call for itinerary and 
early registration discount 
December 27, 1998- 
January 24,1999 


_2 , Also 1998 Wildlife Tours to Baja, Guatemala, 
Hawaii, Costa Rica, Kenya, Alaska, Australia 
















eis nl eines 
20800 Kittredge Road, Saratoga, CA 95070 


Non-smoking Policy 






800-527-5330 





Art/CRAFTS 


ACCURATE CAVE ART TRANSCRIPTS. Free 
Booklet available. Gallery of Prehistoric Paintings, 
1202 Lexington Ave, Suite 314, New York, NY 10028. 





BooKks/PUBLICATIONS 


DO YOU HAVE A BOOK TO PUBLISH? Contact es- 
tablished co-operative publisher with offices in USA 
and Europe. Call Pentland Press, Inc. 1-800-948-2786. 


AUTHORS WANTED 


Leading subsidy book publisher seeks manuscripts of 
all types: fiction, non-fiction, poetry, scholarly, juve- 
nile and religious works, etc. New authors welcomed. 
Send for free 32-page illustrated booklet W-82 
Vantage Press, 516 W 34 St., New York, NY 10001 


GET PUBLISHED NOW! All subjects, free estimates, 
unltd. consultation, editing, design, typesetting, 
printing/binding of hard & soft cover books. 
Copyright service, promotion, distribution, royalties. 
Free brochure 1-800-873-2003. American Literary 
Press, 8019 Belair Road, #10NHM, Baltimore, 
Maryland 21236, amerlit@erols.com 


MANUSCRIPTS WANTED ALL TYPES. Publisher 
with 75-year tradition. “Author’s Guide to Subsidy 
Publishing.” 1-800-695-9599. 


OUT-OF-PRINT BOOKS on Geology, Archaeology, 
Natural History and related subjects. Free catalogs. 
The Hannum Company, Box 1505, Ardmore, OK 
73402-1505 


PUBLISH WITH RUTLEDGE Become a published 
writer with Rutledge Books. We offer a complete pub- 
lishing plan. Let our professional staff work with you 
to create and market an attractive, high-quality book. 
Personalized service. Send for our free brochure 
today. Rutledge Books, Dept. NHQ, Box 315, Bethel, 
CT 06801. 






Floating market in a village near Bangkok, 


Michele Burgess 


r 


NEW AUTHORS 


PUBLISH YOUR WORK 
All subjects considered: 
Fiction, Biography, Poetry, Religion, Childrens 


a 


AUTHORS WORLDWIDE INVITED 
write, or send your manuscript to: 


MINERVA PRESS 
2 OLD BROMPTON ROAD, LONDON SW7 3D0, ENGLAND 





RARE, OUT-OF-PRINT BOOKS all fields Natural 
History. Free catalog. Marcher Books, Dept. NH, 6204 
N. Vermont, Oklahoma City, OK 73112. 


WE'LL PUBLISH YOUR BOOK! Our 52 years experi- 
ence will help you to success. Send Manuscript or 
outline for free information and _ evaluation. 
Rivercross Publishing Inc. Dept. NH; 127 East 59th 
Street, New York, NY 10022. 


CHINA, CRYSTAL, SILVER 


WORLD’S LARGEST SUPPLIER of discontinued & 
active china, flatware & collectibles. 3,500,000 pieces, 
65,000 patterns. FREE listing of pieces in your pat- 
terns. Toll-free, 8am to 10pm EST: 1-800 REPLACE (1- 
800-737-5223). Replacements, Ltd., P.O. Box 26029, 
Greensboro, NC 27420. Dept NL. 


COLLECTOR’S ITEMS 


TITANIUM MUSEUM Six pieces from first produc- 
tion to Gemini Retro Rocket (plus standby space 
boot). Sale price $15,000. D.L. Willis, 108 Briar Lane, 
Newark, DE 19711 





EDUCATION 


DOG TRAINER INTERNSHIPS-Five week intensive 
study in behavior, instruction and training taught by 
behaviorist /master trainer Bob DeFranco. Canines of 
America NYC. 718-651-3840. 


GROW GOURMET AND MEDICINAL Mushrooms. 
Oyster Shiitake, morels and much more. Seminars on 
cultivation. Free brochure. Call 800-780-9126. Fungi 
Perfecti, PO Box 7634-NHM, Olympia, WA 98507 





Thailand 
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WILDLIFE CONSERVATION /Forestry/Ecology 
Careers. Professional level home study for concerned 
individuals. Exciting careers in the outdoors. Free lit- 
erature. P.C.D.I., Atlanta, Georgia. (800) 362-7070 
Dept. NNF124. 


EMPLOYMENT OPPORTUNITIES 


EASY WORK! EXCELLENT PAY! Assemble products 
at home. Call toll free 1-800-467-5566 Ext. 6371 


GET PAID FOR READING BOOKS! $100 each. Call 
toll free 1-800-568-9287. Extension 19. 


LOOKING FOR EXTRA INCOME? Assemble simple 
crafts at home. 100+ reputable companies now hiring. 
Guaranteed! Call: 1-800-377-6000, ext. 8800. 


FINANCIAL 


LET THE GOVERNMENT FINANCE your small 
business. Grants/loans to $800,000.00 Free recorded 
message: (707) 449-8600.(LA1) 


MAps 


ANTIQUE MAPS & SEA CHARTS. U.S. & 
Worldwide. All originals. 16th-19th century. Free 
listings. Specify regions of interest. Grace Galleries 
Inc. RR5, Box 2488, Brunswick, ME, 04011. 
(207) 729-1329. 


COPY OF AUGUSTINE HEERMAN MAP OF 1673. 
There are only six originals known. The Head of the 
Map section of the Library of Congress said that this 
copy is by far the best ever. Map is of Maryland, 
Delaware, and parts of Virginia and New Jersey and 
was best available for almost 100 years (was basic ref- 
erence for Mason-Dixon survey). Map is in tube with 
article=$60. D.L. Willis, 108 Briar Lane, Newark, DE 
19711. 


Music 


EXCITING WORLD MUSIC. India, Africa, Latin 
America, Native American Music, and more. Our 
new catalog of traditional and modern CD’s and cas- 
settes is yours for the asking. Write Music of the 
World, P.O. Box 3620, Chapel Hill, NC 27515 or call 
(919) 932-9600. 


PHOTO/OPTICAL 


BINOCULAR SALES AND SERVICE. Repairing 
binoculars since 1923. Alignment performed on our 
U.S. Navy collimator. Free catalog and our article 
“Know Your Binoculars,” published in Audubon 
Magazine. Mirakel Optical Co. Inc., 331 Mansion St., 
West Coxsackie, NY 12192 (518) 731-2610. 


REAL ESTATE 


FOUR ONE ACRE and two 40 acre tracts of valuable, 
scenic, rolling farmland in Northeast PA; 3 hours 
from NYC near I-80 (717) 925-2342. 


LET THE GOVERNMENT PAY for your new or exist- 
ing home. Over 100 different programs available. 
Free recorded message: (707) 448-3210. (8LA1) 





Tours/TRIPs 


ACA AIR COURIERS SAVE UP TO 80% on 
International Travel. Fly as onboard courier for the 
“big name” freight companies escorting time-sensi- 
tive business documents. 700 round-trip flights 
weekly to Europe, Asia, Pacific Rim, Central/South 
America. Free information enrollment kit call Air 
Courier Association 1-303-215-9000. 


MONET SYNTACTIC 
en ©1210) 


TRIPS WORLDWIDE 
EXPEDITIONS 


SINCE 1982 
P.O, BOX 3656-C13 

Fulfill Your Dreams 
of Adventure 








Sonora, CA 95370 


800 351-5041 


ADVENTURE CALLING! Outstanding wildlife sa- 
faris in Kenya, Tanzania, Botswana, Zimbabwe & 
South Africa. Low cost camping or deluxe. Amazon! 
Cruise, camp, hike or paddle the jungle wilderness. 
Fantastic flora & fauna. Galapagos! Swim, sail and 
snorkel Darwin's “Enchanted Isles.” Choice yachts, 
Machu Picchu option. Costa Rica! Rainforest expedi- 
tions alive with dazzling birds and tropical wildlife. 
Small groups, expert guides, guaranteed departures. 
Free brochures! Special Interest Tours. Call (800) 525- 
6772. 





Fae 
theGalapagos Cee 


18 Years Experience 
The Finest Yachts and Naturalist Guides 


Wilderness Travel « 1-800-368-2794 x770 





ADVENTURES IN AFRICA & EGYPT: Economical 
camping safaris in Kenya, Tanzania, Uganda, 
Zimbabwe, Botswana, Namibia, Kilimanjaro climbs, 
gorilla tracking, more. Also unique tours in Egypt, 
Israel, Turkey, Jordan, Syria. Free color catalogs. 
Himalayan Travel, (800) 225-2380, 24 hours. 


AFFORDABLE AFRICAN ADVENTURES: wildlife 
safaris to East and Southern Africa. Also, India, 
Burma, Vietnam, Around the World trips, etc. Our 
14th year. Call Wanderlust Adventures at (800) 572- 
1592. 


AFRICA: Personalized safaris in East and Southern 
Africa featuring Ranch/Private Home Safaris, Box 
49, Mt. Tremper, NY 12457 1-800-724-1221. 


ALPS OF SWITZERLAND. “The Hikers Paradise.” 
Moderate optional length Day hiking. Free brochure. 
(216) 867-3771. Alpine Adventure Trails Tours, 783P 
Cliffside Drive, Akron OH 44313-5609. 


COPPER CANYON ADVENTURE 
Mexico's spectacular Sierra Madre Mountains 
by rail. Natural history, birds, Indian culture, 
expert guides. Call Now! 1-800-499-5685 


S&S TOURS 





OF eles 


You, 9 other adventurers and our licensed 
naturalist will sail by yacht to explore more islands 


than any other Galapagos expedition. 60 trip 
dates. Machu Picchu option. Free brochure. 


Inca Floats 510-420-1550 
1311-N 63rd St., Emeryville CA 94608 





AMAZON & ANDES EXPLORATIONS. Scholar es- 
corted, small group, educational adventures! 
Rainforest Safaris & Riverboat Cruises! Cuzco & 
Machu Picchu! Call Explorations, Inc. (800) 446-9660. 


AMAZONIA EXPEDITIONS. The Amazon’s leading 
company for expedition travel, since 1981. Individual 
attention. Regional references available. (800) 262- 
9669. 


AUSTRALIA/NEW ZEALAND WALKABOUTS: 
Nature, Hiking and the Outdoors. Enjoy hiking and 
camping safaris, lodge stays, and island resorts in 
New Zealand’s scenic National Parks and Milford 
Track; Australia’s Outback, Tropical North, and Great 
Barrier Reef. Pacific Exploration Co., Box 3042-N, 
Santa Barbara, CA 93130 (805) 687-7282. 


BELIZE, COSTA RICA, GUATEMALA (Peten), 
Honduras, and Mexico (Campeche, Chiapas, 
Quintana Roo, Tabasco, and Yucatan) - nature and 
marine reserves, archaeology, outdoor and water 
sports, shopping and authentic cultural experiences. 
Great Trips, telephones (800) 552-3419, (218) 847-4441, 
faximile (218) 847-4442, Email: belizejq@tekstar.com 


CONGO! Visit remote camp of hunter-gatherer pyg- 
mies, view forest elephants, track lowland gorillas, 
ride pirogues up jungle streams. Central African 
Republic. Voyage Afrique (718) 932-4964. 


DISCOVER MEXICO’S COPPER CANYON, Costa 
Rica, more with the California Native. Call 1-800-926- 
1140 for free newsletter. 


ECOLOGICALLY RESPONSIBLE TRAVEL. 
Himalayan region, Malaysian rainforest. Guided, 
self-guided tours. University Travel Consultants. 1- 
800-638-2701. 


GALAPAGOS ISLANDS tours since 1979. Mainland 
Ecuador/Peru/Bolivia options. Joseph Colley, LAST 
Inc. 43 Millstone, Randallstown, MD 21133 (410) 922- 
3116. 
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(Irian Jaya or Papua New Guinea) 


Culture, 
Natural 
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Rainforest 
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Remote 
Islands 


meres Asia | $99 
Transpacific Journeys [2242 









Also trips to: Indonesia, Thailand, 
Borneo, Burma, Laos, Vietnam, 
Cambodia, Philippines, Nepal 





www. SoutheastAsia.com 





GALAPAGOS. Specializing in comprehensive, pro- 
fessionally-led, natural history and photo tours of the 
Galapagos Islands. Monthly departures/16 passen- 
ger yachts. Galapagos Travel, P.O. Box 1220, San Juan 
Bautista, CA 95045. 1-800-969-9014. 


HIKE ITEREI! Easy But Fascinating! Brazilian. at- 
lanticforest reserve, welcomes the entire family for 
exploration. Exquisite biodiversity. Phone/fax 55 11 
67 63 57 
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HORSES TAKE YOU WHERE WILDLIFE LIVES, 
deep into backcountry seen only by hikers. 
Adventurers all ages, skills. Brand new guidebook, 
$17.95 includes postage. Saddle Up! (800) 982-6861, 
(505) 982-6861. 


INDIA, NEPAL, TIBET, THAILAND, VIETNAM, 
Cambodia, Burma, Indonesia: Tours, treks, wildlife, 
overland adventures. Huge selection. Affordable 
rates. Free color catalogs. Himalayan Travel, 112 
Prospect St., Stamford, CT 06901. 1-800-225-2380, 24 
hours. 






“3 1-800-633-0299 
//www.gorp.com/voyagers.htm 








MACHU PICCHU, INKA TRAIL, AMAZON. You 
and eight others! Experience Inka ruins, Indian vil- 
lages, rivers, mountains and shamans. Expert guides. 
Adventure, culture, and no crowds! Peru and Bolivia 
experts since 1972. Four Winds Expeditions, Inc. (800) 
991-0144. 


ee Walkin : 
‘ Sataris! 


z a Zambia, Zimbabwe, & Tanzania 


with the Africa Experts 
Wilderness Travel ¢ 1-800-368-2794 x771 





SOUTH & CENTRAL AMERICA: Overland & nat- 
ural history tours, Amazon, Galapagos, Andean 
trekking. Free color catalog. Himalayan Travel. 1-800- 
225-2380. 


VACATION RENTALS 


CHAPPAQUIDDICK ISLAND, MA. Spectacular 
ocean view. Charming two-bedroom home bordering 
water, 1,000+ acres of preserved land, and miles of 
natural beach. $750-1,500 weekly. 860-567-4864. 





VOLUNTEERING 


GREENVOLUNTEERS Worldwide Guide to Volun- 
teering in Nature Conservation 100+ projects $16.00, 
(800) 525-9379 green_volunteers@rcm.inet.it 


RATES AND STYLE INFORMATION 


$4.20 per word: 16 word minimum. Display classified 
is $455 per inch. Advertisements must be prepaid. 
Rates are not structured for agency or cash discounts. 
Ads are accepted at NATURAL HISTORY’s discre- 
tion. Send check or money order to: The 
Market/NATURAL HISTORY Magazine, Central 
Park West at 79th St., New York, NY 10024. Direct any 
written inquiries to Eileen O’Keefe or Jean- 
Christophe Fradet at the above address. Please in- 
clude your personal address and phone number, 
issue preferred, and suggested category. Deadline— 
1st of the month, two months prior to cover date. 
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May 1 

Niles Eldredge, a curator in the Museum’s 
Department of Invertebrates, will give a 
lecture based on his book Dominion, 
which traces three million years of human 
ecology. His talk begins at 7:00 P.M. 


May 4 

In conjunction with Asian/Pacific Amer- 
ican Heritage Month, dance and craft 
presentations will be part of a day-long 
festival in the Hall of Ocean Life celebrat- 
ing Asian and Pacific island cultures. Call 
(212) 769-5315 for details. 


May 5 

Juan Uson, of the National Radio As- 
tronomy Observatory, will talk on “Dis- 
covery of the Largest Galaxy in the Cos- 
mos and Other Curiosities in the Distant 
Universe.” Part of the “Frontiers in Astro- 
physics” series, this lecture will begin at 
7:30 P.M. 


May 6 

The state of the universe, portraits of cos- 
mologists, and cosmological forecasting 
will be among the topics of a slide-illus- 
trated talk by Timothy Ferris, author of 





A diorama depicts the British invasion of New Jersey, November 20, 1776 


the recently published The Whole Shebang. 
(For an excerpt from the book, see the 
March 1997 issue of Natural History.) 


May 8 

Chris McGowan will talk about the evo- 
lutionary relationships between dinosaurs 
and birds at 7:00 RPM. McGowan is a cura- 
tor in the palaeobiology department of 
the Royal Ontario Museum and author 
of Make Your Own Dinosaur Out of 
Chicken Bones. 


May 20 and 22 


Drawing from their new book, The Sci- 
ence of Jurassic Park, Museum curator Rob 
DeSalle and physicist and science editor 
David Lindley will discuss dinosaurs and 
DNA research in two evening lectures 
beginning at 7:00 P.M. 


May 20 and 27 


How the geology of the New York City 
area shaped the military activities of the 
Revolutionary War will be the subject of 
two Tuesday-evening talks at 7:00 P.M. by 
Sidney S. Horenstein, geologist and coor- 
dinator of the Museum’s Environmental 
Programs. 
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May 21 

A new exhibition in the Hall of Ocean 
Life, “Lost World: Dinosaurs Through 
Time,” will feature clips, sets, and props 
from Lost World (the sequel to Jurassic 
Park), including the reconstruction of a 
100-foot-long Mamenchisaurus. 


May 22 and 29 


National Park Service archeologist 
Robert S. Grumet will explore the com- 
plex ecological associations between the 
people and fauna of the Northwest Coast 
of North America in two Thursday- 


evening talks that begin at 7:00 P.M. 


Throughout May 

A variety of free programs celebrating 
Asian/Pacific American Heritage Month 
will be presented over the weekends of 
May 3-4, 17-18, and 24—25. For a sched- 
ule, call (212) 769-5315. 

The Museum’s IMAX Theater is fea- 
turing Laserwarp, a show about Earth’s 
history, as well as the films Stormchasers 
and Cosmic Voyages. 





Paleontologist Chris McGowan and his re- 
construction of an Apatosaurus. 


The American Museum of Natural His- 
tory is located at Central Park West and 
79th Street in New York City. For tickets 
and information about events, call (212) 
769-5200. Consult the Museum Web site 
(http://www.amnh.org) for additional 
information. For hours and admission 
fees, call (212) 769-5100. 


Advertisement 


How to make your car invisible 
to radar and laser... /egally! 


Rocky Mountain Radar introduces a device guaranteed to make your 
car electronically “invisible” to speed traps—if you get a ticket while 
using the product, the manufacturer will pay your fine! 


by Phil Jones 


| If your heart doesn’t skip a 
beat when you drive past a 
speed trap—even if you aren't 
speeding—don’t bother read- 
ing this. I can’t tell you how 
many times that has hap- 
pened to me. Driving down 
@ The Phazerwill the interstate with my 
“jam” both radar cruise control set at eight 
and laser guns, pre- miles over the limit, I catch 


limpse of a police car 
venting police from ° &)™"P P 
aes your parked on the side of the 


road. My heart skips a 
speed. beat and for some rea- 
son I look at my speedometer. After I 
have passed the trap, my eyes stay 
glued to my rear view mirror, pray- 
ing the police officer will pass me 
up for a “bigger fish.” 

It seems that as speed-detec- 
tion technology has gotten more 
and more advanced, speeding 
tickets have become virtually 
unavoidable. And although de- 
vices exist that enable motorists 
to detect these speed traps, they 
are outlawed in many states... 
including mine. 





The solution. Today, Rocky Mountain Radar 
offers drivers like me a perfect solution—the 
Phazer. Combining a passive radar scrambler 
with an active laser scrambler, the Phazer makes 
your automobile electronically “invisible” to 
police speed-detecting equipment. 

The radar component works by mixing an X, 
K or Ka radar signal with an FM “chirp” and 
bouncing it back at the squad car by way of a 
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Reflected radar with an FM “chirp” eB 


Special infrared beam with “noise” Ed 


Police laser 


waveguide antenna, effectively confusing the 
computer inside the radar gun. The laser com- 
ponent transmits an infrared beam that has the 
same effect on laser Lidar units. 




































Perfectly legal. Some radar devices have been 
outlawed because they transmit scrambling 
radar beams back to the waiting law enforce- 
ment vehicle. The Phazer, however, reflects a 
portion of the signal plus an added FM signal 
back to the police car. This, in effect, gives the 
waiting radar unit an electronic “lobotomy.” 
Best of all, unless you are a resident 
of Minnesota, Oklahoma or Wash- 
ington, D.C., using the Phazer is 
completely within your legal rights. 





HOW TO MAKE YOUR CAR DISAPPEAR 


Police radar 








@ The 

Phazer uf 
makes your car \ 
invisible to police 
radar and lasers or 
the manufacturer will 
pay your speeding ticket! 







How it scrambles radar. 

Police radar takes five to 10 measurements of a 
vehicle’s speed in about one second. The Phazer 
sends one signal that tells the radar the car is 
going 15 m.p.h. and another signal that the car is 
going 312 m.p.h. Because police radar can’t ver- 
ify the speed, it displays no speed at all. To the 
radar gun, your car isn’t even on the road. 


Works with laser, too! The Phazer also pro- 
tects your vehicle from Lidar guns that use the 
change in distance over time to detect a vehicle’s 
speed. The Phazer uses light-emitting diodes 
(LEDs) to fire invisible infrared pulses through 
the windshield. Laser guns interpret those puls- 
es as a false indication of the car’s distance, 
blocking measurement of your speed. Again, it’s 
as if your car isn't even on the road. 


Range up to three miles. The 
Phazer begins to scramble 
both radar and laser signals 
as far as three miles away , 
from the speed trap. Its range 

of effectiveness extends to 

almost 100 feet away from 

the police car, at which point 

you should be able to make 

visual contact and reduce 
your speed accordingly. 


Encourage responsible dri- 
ving. While the Phazer is de- 
signed to help you (and me) avoid 
speed traps, it is not intended to 
condone excessive speeding. For that 
reason, within the first year, the manufac- 
turer will pay tickets where the speed limit 
was not exceeded by more than 30%, or 15 
miles per hour, whichever is less. 


Double protection from speed traps. If 
the — sounds one but ee Le be 








Rebate ok with ace 
radar detector. It’s | 
in every state except — 
Minnesota, Oklahoma, . 
Virginia and Wash- 
ington, D.C. Ask | 
your representative 
for more details! 





Risk-free. Thanks to aye Mountain Pde 
speed traps don’t make my heart skip a beat 
anymore. Try the Phazer or the Phantom your- 
self. They’re both backed by our risk-free trial 
and three-year manufacturer’s warranty. If 
you're not satisfied, return them within 90 days 
for a full “No Questions Asked” refund. 


The! Phazereerers ctor eee $199 $14 S&H 
The Phantom............... $349 $18 S&H 


Please mention promotional code 1906-10796. 
For fastest service call toll-free 24 hours a day 


800-399-7863 sai SS/E: 


comtrad 


2820 Waterford Lake Drive, Suite 102 Midlothian, VA 23113 
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(This is not an average washing machine.) 
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Introducing the water-efficient new bs 40% less water than average washers. 


Maytag Neptune. And, since Maytag Neptune 


Traditional top-load washers use an agitator : uses less water and energy, you could 


to move clothes through a tub of soapy water. save nearly a hundred dollars a 


The all-new Maytag Neptune, on the : | ae year in utility costs. 
Call us at the number below to find out more about 


other hand, gently lifts and drops clothes into ; 
4 shallow pool of super-concentrated detergent. | a Maytag Neptune. Definitely not a 
W MAYTAG 


Getting your clothes clean, and using your average washing machine. @ THE DEPENDABILITY PEOPLE ™ 


1-888-4-MAYTAG 


www.maytag.com 


Savings based on DOE test methods with average conventional washer, average water and sewer rates and 1996 electrical energy rates and dryer savings. Your savings will vary depending on utility rates, model replaced and usage. 


